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RADIATION AT DIFFERENT TEMPERATURES. 
By CAPTAIN JOHN ERICSSON. 


From “ Nature.” 


Balfour Stewart states in his “‘Elementa- , energy or quantity of heat transmitted by the 
ry Treatise on Heat,” that ‘ Newton was | radiator. Consequently, the amount of en- 
the first to enunciate his views on the cool- | |. 44 900 deg. is assumed to be 22:°%— 
ing of bodies. He supposed that a heated | = 6: ' — 
body exposed to a certain cooling cause | 6.14 times greater than at 80 deg.; while, 
would lose at each instant a quantity of | agreeably to Newton’s law, the increase of 
heat proportionate to the excess of its tem- | radiant energy should be proportional to 
perature above that of the surrounding air.” : . - 20 . 
In order to prove the fallacy of Newton’s the differential temperature, vis, 380 
supposition, Prof. Stewart presents the fol- | times that of the tabulated temperature of 
lowing extract from the work of MM. Du- | 80 deg. Modern research having estab- 
long and Petit :— | lished that radiant heat is energy amenable 

Excess of temperature to the laws of dynamics, it may be demon- 

of the thermometer. Velocity of cooling. strated that the deviation from the Newto- 
nian doctrine assumed by Dulong and Petit, 
is groundless; but, before considering the 
| theory, let us examine the practical result 
'of recent elaborate experiments conducted 
with an apparatus containing the spherical 
radiator adverted to in the preceding article 
on Solar Temperature (vol. v., pp. 505-507). 
The accompanying illustration (Fig. 1) rep- 
resents a vertical section of the said appa- 

“We see at once from this table,” says | ratus, a being a spherical vessel 5 in. in 
Prof. Stewart, “that the law of Newton | diameter, suspended within an exterior cas- 
does not hold, for according to it the velo- | ing 4, filled with water. A spherical radi- 
city of cooling for an excess of 200 deg. | ator, c, 2.75 in. in diameter, composed of 
should be precisely double of that for an ex-| very thin copper, charged with water and 
cess of 100 deg.; now we find that it is more | coated with lamp-black, is sustained in the 
than three times as much.” The author of | centre of the sphere a by means of tubes 
the “Elementary Treatise on Heat” thus as- | applied above and below. The upper tube 
sumes that the velocity of cooling established | is large enough to admit the bulb of a ther- 
by Dulong and Petit, represents the radiant lessee the lower one being only suffi- 
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ciently large to accommodate a small axle, 
to which is attached a paddle-wheel, pro- 
vided with curved paddles, arranged in such 
a manner that the bulb of the thermometer 
may be inserted considerably beyond the 
centre of the sphere, as shown in the illus- 
tration. The external casing , is provided 
with nozzles, g and d, to which tubes are 
attached for circulating cold water through 
the annular space during experiments. The 
air is exhausted from the spherical enclo- 
sure through the tube &, which passes across 
the annular space. It will be evident that 
the centrifugal action of the paddles of the 
wheel applied within the radiating sphere 
will produce a continuous current from the 
centre towards the circumference, the fluid 
successively passing over and coming in 
contact with the inside of the thin shell, 
then returning to the centre to be again 
thrown off by the centrifugal action. The 
rotary motion of the water, kept up without 
intermission round the cylindrical bulb of 
the thermometer, will evidently render its 
indication prompt and reliable. It is hard- 
ly necessary to observe that the rapid pre- 
sentation of fresh particles of water promo- 
ted by the action of the paddles, will effect- 
ually prevent the reduction of temperature 
to proceed faster at the circumference than 
at the centre, the radiation at the surface, 
in virtue of the continuous interchange of 
particles, affecting almost simultaneously 
every molecule within the sphere. Conse- 
quently the total energy of radiation will be 
rendered available in reducing the tempera- 
ture of the contents of the radiator, while 
the central thermometer will indicate at 
every instant the precise degree of temper- 
ature of the entire mass.* 

The mode of conducting the experiment 
will be seen by the following statement :— 
A wooden cistern containing 16 gallons, 
eharged with water and crushed ice, is con- 
nected by flexible tubes to the nozzles g and 
d on opposite sides of the annular space, a 
pump being applied between the cistern 
and the said nozzles, by means of which the 
cold water is forced through the apparatus 
and then returned to the cistern. 





*It might be supposed that the motion of the water within 
the raciating sphere, produced by the action of the paddle 
wheel, will occasion an elevation of temperature tending to 
render the indication of the central thermometer inaccurate. 
The requisite speed of the wheel being 30 turns per minute, 
experiments have been made to ascertain if at that rate heat is 
produced ; but no elevation of temperature has been observed. 
‘The diameter of the wheel being 2.37 in, the maximum speed 
of the particles of water produced by the rotation is scarcely 
te in. per second, a velocity too small to generate appreciable 

eat, 





In view of the great importance of the 
question at issue, the investigation has been 
conducted with the utmost care, four opera- 
tors having invariably been employed dur- 
ing the experiments, the labor being thus 
divided: 1st operator regulates the tem- 
perature of the water in the cistern by con- 
tinual agitation and supply of crushed ice 
from time to time; 2d operator works the 
pump at a uniform rate; 3d operator turns 
the paddle-wheel and reads the thermome- 
ter under a magnifying glass, calling time 
for each degree at the instant when the top 
of the mercurial column is covered by half 
the thickness of the line on the scale. 
Lastly, the 4th operator, provided with a 
Casella chronograph, records the time 
called. It will be seen presently that, not- 
withstanding this procedure, there is a 
slight discrepancy in the ratio of tempera- 
ture and time, viz., the increment of time 
for each degree is not regular. Obviously 
the most practised eye cannot determine 
exactly at what moment the top of the fall- 
ing column is half covered by the line on 
the thermometric scale. Again, a perfectly 
graduated thermometer cannot be obtained. 
But the discrepancy referred to in reality 
only disfigures the record, since the compu- 
tations are based on mean time. Referring 
to the accompanying table, (see p. 118) it 
will be seen that the rate at which the 
spherical radiator cools has been recorded 
separately for each degree of differential tem- 
perature from 100 to 10 deg., the enclosure 
being maintained at a constant temperature 
of 33 deg. Regarding the construction of 
the table, it will suffice to state that the time 
entered in the fourth column is that shown 
by the chronograph. It will be evident on 
reflection that the increment of time for each 
successive degree of differential temperature 
expresses very nearly the rate of cooling; 
but, the recorded times being irregular, 
from causes already pointed out, the true 
increment cannot be determined without as- 
certaining the mean time recorded by the 
chronograph. This mean time will be found 
in the fifth column, the true increment, viz., 
the number of seconds during which the 
temperature of the radiator falls one degree, 
being entered in the last column. 

Let us now examine the accompanying 
diagram (Fig. 2), in which the ordinates of 
the curve a 6 represent the observed time 
for each degree of differential temperature, 
while the ordinates of the curve a ¢ repre- 
sent the corrected time. The diagram hav- 
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ing been constructed with the utmost exact- | thermal unit, at 1,800 deg., 0.186 unit, and 
ness, in accordance with the temperature | at 3,000 deg., 0.337 for each degree of differ- 
and time in the table, mere inspection will | ential temperature. We have accordingly 
show that the observed and corrected times | established the fact that the emissive power 
have produced curves nearly identical. | increases nearly in the same ratio as the in- 
Agreeably to Newton’s law, the rate of) tensities, being fully quadr upled between 
cooling i is proportional to the excess of tem- | the differential temperature of 65 deg. and 
perature of a body above that of the sur- | | 3, 000 deg. Let us be careful not to con- 
rounding medium. Hence the increment of found this increase of emissive power with 
time for each degree, in other words, the the increase of radiant energy resulting 
number of seconds occupied in reducing the | from mere augmentation of temper rature. 
temperature of the radiator 1 deg. (inserted | It is, no doubt, owing to the change of the 
in the last column of the table) should be | molecular constitution of the body during 


proportional to the differential temperature 
inserted in the third column. For instance, | 
the rate of cooling at a differential tempera- | 4 
ture of 49 deg. being 39.80 sec. for 1 deg., it | 
should be *” a 
thermometric interval at a differential tem- | 
perature of 31 deg. Referring to the table, | 
it will be found that the rate thus computed | 
agrees exactly with the increment of time | 
inserted in the last column opposite the dif- | 
ferential temperature 31 deg. | 
Applying a similar test to the other dif- | 
ferential temperatures and rates of cooling | 
contained in the table, the same exact agree- 
ment will be found to exist. Consequently, | 
our table and diagram prove that the rate 
of cooling is proportional to the differential | 
temperature, thus establishing the correct- | 
ness of the Newtonian law. Regarding the | 
discrepancy indicated by the slight irregu- | 
larity of the curve ab, the writer attributes | 
the same to the difference of emissive power 


| 


62.90 sec. for an equal | 


of the radiator at different temperatures. 
It was stated in the preceding article (vol. v., 


pp. 505-507), that the radiant power of 1 
sq. ft. of cast iron develops 0.080 thermal | 
unit per minute for each degree of differen- 
tial temperature at 65 deg., and 0.337 unit | 


neues that the emissive 
= 4.21 times for an 
increment of 3,000 — 652.935 deg. Ex- 
periments conducted in the mean time show 
that the radiant power of 1 sq. ft. of cast 
iron maintained at a differential tempera- 
ture of 1,800 deg. is 335 units per minute, 
hence that the emissive power at this stage 
335 

i600 = 0.186 
unit for each degree of differential temper- 
ature. Our investigations have thus proved 
that at 65 deg. the emissive power is 0.080 


at 3,000 deg. ; 


power is increased - 


of incandescence amounts to 





| the naked eye. 


heating that the dynamic energy develope d 
at a differential temper rature of 3,000 deg. is 

4.21 times greater than it should be in ac- 
cordance with the Newtonian law—a tri- 
| fling increase, however, compared with that 
resulting from adopting the computations of 
Dulong and Petit, whose formula shows 
that for the stated range of temperature the 
ratio of radiant energy will be increased 
more than 4,000 times. It would be pre- 
mature to attempt to explain the peat of 
the change of the radiant properties of met- 
als at different temperatures disclosed by 
our experiments, until further investigations 
shall have established the exact relation be- 
tween the actual and theoretical energy de- 
veloped. Considering the difference of mole- 
cular motion within metallic bodies at white 
heat, in a state of fusion, and at the freez- 


| ing point of water, we need not be surprised 


at the variation of emissive power observed 
during our experimental investigation. Nor 
are we justified, in view of this. variation of 
emissive power, in questioning the correct- 


| ness of Sir Isaac Newton’s assumption that 


heated bodies of definite radiant properties 
develop mechanical energies proportional to 
their excess of temperature over the sur- 
rounding media. 

{It w ill be seen that the engraver has in- 
dicated, in Fig. 2, a continuous space be- 
tween the curves a b and ac, whereas the 
space should cease at one portion, the curves 
intersecting each other between the ordi- 
nates 25 and 30. The mistake, however, is so 
trifling that it can scarcely be observed with 
It is to be found, on look- 
ing at the table, that the observed times are 
shorter than the calculated times at the 
high temperatures, while the observed times 
are longer than the calculated times at low 
temperatures ; hence the curves must inter- 
sect each other.—Eb. } 
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133 
182 
131 
180 
129 
128 
127 
126 
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115 
114 
113 
112 
111 
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109 . 65 
108 ‘ 5 583.65 
107 de 610.00 
106 3 é 636.71 
105 : é 663.79 
104 3: y 691.25 
103 : 719.10 
102 3 747.36 
101 de 776.03 
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99 b y 834.67 
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97 S { 895.14 
96 3: ii 926.09 
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94 ' 989.51 
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1341.79 
1380.79 
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1461.22 
1502.71 
1545.10 
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1678.10 
1724 53 
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1820.84 
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Seconds, Seconds, 
51.32 
52.70 
54.16 
55.71 
57.35 
59.09 
60.94 
62.90 
65.00 
67.24 
69.64 
72.22 
75.00 
78.00 
81.25 
84.78 
88 .64 
92.86 
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102.63 
108.33 
114.70 
121.87 
130.00 
139.28 
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162 50 
177.28 


195.00 


1922.16 
1974.86 
2029 . 02 
2084.73 
2142.08 
2201.17 
2262.11 
2325.01 
2390.01 
2457.25 
2526. 
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2674. 
2752. 
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2918. 
3006 | 7: 
3099 . 6 
3197. 
8299. 
8408. 
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NARROW GAUGE WOODEN RAILWAYS. 


By H. HAUPT, C. E. 


The undersigned proposes a system of | where the track is above ground, or crosses 
y g , 


narrow-gauge wooden railways, as feeders 
to trunk lines in rural districts and sparse- 
ly-settled localities, which can be construct- 
ed more cheaply than ordinary country 
roads and upon which transportation can be 
conducted at less expense than on ordinary 
railroads. 

The system has been tested to a limited 
extent, and found to answer admirably. 
The construction—both of track and cars— 
is characterized by extraordinary economy 
and simplicity; it presents many novel 
features, and is applicable to all grades and 
to any locality. 

Tracx.—The track consists solely of two 
parallel lines of timber, hewed on the up- 
per and inside faces at right angles to each 
other; the other two sides mfy be left 
rounding or roughly hewed. No cross-ties 
whatever are used, except occasionally 





streams or ravines. ‘The  string-pieces 
themselves form the track, and they are laid 
in trenches and filled in, so that the top- 
surface is not more than a half-inch above 
the road-bed. The earth packed around 
them will effectually prevent spreading of 
the track in ordinary ground, but in soft 
places a few stout stakes may be driven 
outside. The joints are lapped and pinned. 
Streams are crossed by putting trestles or 
posts under the string-pieces, and the track 
is filled in with timber laid parallel to the 
rails, and covered with earth or gravel, for 
a horse-path. 

Where saw-mills are convenient, sawed 
rails of hard wood may be pinned on the 
stringers, and renewed when worn out ; 
but with a wide tread of 6 or 8 in., and 
wheels of wood, as is proposed, the wear 
of track will be very slight. 
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The road-bed may be narrow ; the gauge 
of track not more than 3 ft., and curves of 
200 ft. radius can be turned with facility. 
Turnouts will not in general be required, 
as the cars are so light that they can be 
run on or off the track with facility wher- 
ever the ground, is level. The cars will 
generally be empty, or nearly so, in one 
direction, and the loaded cars would have 
right of way. Occasional turnouts will, 
however, be convenient. 

Cars.—The cars are constructed without 
springs, and the wheels—which are the 
most important part—are made of hard 
wood, with a rim of cast iron for a flange, 
and treads of 6 or 8 in. to bear on the 
whole surface of the rail. The cost of a 
four-wheeled car would be about $30, and 
the weight about 800 Ibs. 

Cosr or tHe System.—The grading in 
general will cost less than for a common 
road ; and the writer has just finished four 
miles of graded wagon-road along side a 
hill, more than usually difficult of construc- 
tion, at a cost of $125 per mile ; the road- 
bed 9 ft. wide. The grading for a narrow- 
gauge wooden railroad should cost, in the 
locality of the writer in the mountains of 
Virginia, not more than $200 per mile ; the 
hewing of the timber, $100 per mile, and 
laying, $75 more,—in all, from $300 to 
$400 per mile,—assuming timber and right 
of way to be furnished without charge; if 
not, the cost must be added. 


It is assumed that few parties can be 


found owning lands through which such a 
road would pass who would not give the 
right of way freely, and also cut and drag 
to the line of the road all the timber requir- 
ed for stringers. Many, in addition, would 
cheerfully undertake to grade the road 
through their property, taking stock for 
their consideration. Under such circum- 
stances, it is believed that $300 per mile 
will cover the cost of the railroad, if no rock 
excavation is required. 

InFLueNce or Grapes.—On an ordinary 
railroad, as the Pennsylvania, with the 
rolling-stock there employed, the traction 
on a straight and level road is equivalent 
to 9 2-1Uths lbs. per ton; and the angle 
of friction at which a car would move by 
gravity is 23 ft. to the mile. 

The power required to move a ton on a 
straight and level wooden track can only be 
determined by experiment with the cars 
proposed to be used; but it will probably 
be safe to assume it at 16 lbs. to the ton of 





2,000 Ibs.; the angle of friction will then 
be 42 ft. to the mile,—on which grade the 
tractive power will be required to be doub- 


If a horse-power be estimated, as usual, 
at 33,000 Ibs. raised one foot in a minute, 
it will be equivalent to the application of a 
tractive power of 187 lbs. moving at two 
miles per hour. 

Assuming that an average horse will 
exert a power of 150 Ibs. at a speed of two 
miles per hour, he would move 9.4 tons on 
a level, 4.7 tons on a grade of 42 ft. to 
the mile, 3.1 tons on a grade of 84 ft., 2.3 
tons on a grade of 126 ft, 1.9 tons ona 
grade of 168 ft., and 1.6 tons on a grade of 
210 ft. . 

The weight of the car would be about 
700 Ibs.; so that a horse could pull about a 
ton and a half on a grade of 168 ft.,—which 
grade is as high as will be found necessary 
under ordinary circumstances. 

Cost or Transportation.—It has been 
found that one horse will haul 3,000 lbs., 
exclusive of weight of car, on a grade of 
168 ft., and two horses consequently 6,700 
lbs. A team of four horses on an ordinary 
country road in good condition can haul 
3,000 Ibs. 

The cost of a pair of horses and driver is 
$2 per day—say $2.50; and on a road 
with undulating grades, the maximum 
not exceeding 168 ft. to the mile, twenty- 
five miles per day can readily be accomplish- 
ed. The cost of carrying 6,700 lbs. twenty- 
five miles, exclusive of tolls, would there- 
fore be $2.50, which is equivalent to ten 
cents per mile for the car and contents, or 
about three cents per ton per mile. Add 
one cent per ton per mile for tolls, and the 
charge would be four cents per ton per 
mile, to cover all expenses. As compared 
with wagon-transportation, the charge for 
twenty-five miles, with full loads, is usually 
fifty cents per 100 lbs., or $10 per ton—equiv- 
alent to forty cents per ton per mile, or ten 
times as much as the cost on the wooden 
railroad. 

On Virginia railroads, for short distances 
of fifty miles or less, local freights are 
charged at rates of six to ten cents per ton 
per mile. 

It appears, therefore, that the cost of 
transportation, including three cents per car 
per mile for tolls, would be less than on 
ordinary failroads, and only one-tenth the 
cost of wagon transportation on common 
roads. 
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If such a road should be fifty miles long, 
the cost of construction would be covered by 
$15,000 to $20,000; the cars would be 
owned by individuals. Two men, at $600 
a year, would keep the road in good repair. 
To cover interest and repairs, would require 
only $1,500 per annum. At $1.50 toll per 
car, this would be covered by 1,000 cars a 
year, or three cars per day in both directions. 
It would be difficult, perhaps, to find a lo- 
cation so sparsely settled and so destitute of 
resources that within two years after the 
opening of the road less than five cars per 
day each way would pass over it, and this 
amount of business would pay a dividend of 
twenty per cent. 

This calculation has been based on 
freight only, but passengers would be much 
more remunerative. Fora distance of fifty 
miles the lowest rates would not be less 
than $5. But assume a charge of 
$4 to a passenger; ten passengers to a car 
for 100 days during the summer season, 
and five to a car each way for the balance of 
the year, and only one car per day each way, 
—the receipts from passengers would be 
$16,000. Deduct expenses of ten horses 
and drivers, $3,000, leaves $13,000, which, 
with the freight tolls, would pay not far from 
100 per cent. dividends. Certainly there is 
margin enough in this calculation to allow 
the most liberal discount for contingencies 
and still leave no room to doubt that the in- 
vestment would be profitable. 

Orrration.—Although empty, or partial- 
ly loaded cars can be run off the track and 
replaced at almost any point with facility, 
yet it will be convenient to have passing 
places at intervals of half a mile. Passen- 
ger cars should have right of track, and, as 
they will run to schedule, there will be no 
difficulty in freight cars keeping out of the 
way. When freight cars meet, loaded cars 
should have right of way over those which 
are empty or partly loaded. When both 
are loaded, the one nearest to a siding 
should back. The cost of sidings is so 
trifling that they might be placed at shorter 
intervals if found desirable. The road 
could he used as a turnpike or public high- 
way,—individuals putting on their own cars 
and teams and paying tolls. The Philadel- 
phia and Columbia Railroad was operated in 
this way for some years after its construction. 

Such a system of construction and opera- 
tion of narrow-gauge wooden railways, with 
light cars and broad wooden wheels, com- 
bines so many advantages, so great econo- 





my, and such extreme simplicity, that it is 
believed, for the uses to which they are ap- 
plicable, no other system can compare favor- 
ably with them, and their general introduc- 
tion will no doubt be rapid in all localities 
where timber is abundant. 

Locomotives with Rupper Tyres ror Woop- 
EN Rartways.—Traction engines for common 
roads with rubber tyres have been successful- 
ly introduced in Great Britain,and several of 
them are now being manufactured in the Uni- 
ted States. These locomotives would appear 
to be peculiarly well adapted to wooden rail- 
roads such as are now prepared. The adhe- 
sion of rubber upon wood on a rail 8 in. 
broad would be greatly in excess of iron or 
steel upon iron, on ordinary railroads, and 
would greatly exceed the cylinder power as 
engines are now constructed, which is suffi- 
cient to slip the wheels on a dry rail. 

The traction engines for ordinary roads 
weigh 6 tons, cost $5,000, and with the 
cylinders 6 by 10 in. haul 18 tons gross 
on inclinations of 1 in 30. Wooden rail- 
roads would require an engine speciaily 
adapted to their use; they should have four 
connected drivers, weigh about 6 tons, and 
run at a maximum speed for passengers of 
12 to 15 miles per hour, and for freight 
6 miles per hour. In the absence of direct 
experiment, it may safely be assumed that 
the adhesion of rubber on a broad wooden 
rail would not be less than 1-4th the weight, 
or 3,000 Ibs., and at 6 miles per hour would 
develop a power of 60 horses, and with 
sufficient cylinder and boiler capacity should 
haul ona level 188 tons gross, on a grade 
of 174 ft. 44 tons, with a consumption of 
coal of 100 lbs. per mile, or one ton to 20 
miles. At this rate the cost of motive pow- 
er per ton of gross load per mile on a grade 
of 1 in 30 would be covered by about one- 
half a cent including engineer, fireman, fuel 
and repairs, while the proportion of paying 
to dead weight, instead of being 1 to 2 as on 
ordinary roads, would be probably 2 to 1, or 
four times as favorable, the cars when fully 
loaded carrying 3-4ths of the gross load of 
the train as paying freight. 

Such a system would probably prove to 
be as far in advance of the ordinary narrow- 
gauge roads with iron rails in economy of 
construction and operation, as these are claim- 
ed to be superior to ordinary wide-gauge 
roads, and could be introduced even in poor 
and sparsely settled localities, to furnish an 
avenue to market for coal, iron, timber, or 
stone. 
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In the discussion of the merits of wooden | 


railroads with intelligent practical men,some 
valuable suggestions have been made; one 


is, to apply such a road to canal propulsion. | 


The wide wooden rails laid even with the 
surface of the tow path, the locomotive for 
towing provided with rubber tyres or with 
woeden wheels made in a peculiar manner, 
which would secure great strength. The 
track would not interfere with the use of 
the tow path by horses. An arrangement 
was also suggested by which flanges could 


be dispensed with on the drivers, and the | 


engine run off or on the track at the pleas- 
ure of the engineer. 

Wooden railroads have long been used 
for various purposes, but they have been 


constructed of light sawed rails pinned on 
cross ties. Such roads have not givensatis- 
faction ; they soon go to pieces under the 
action of iron wheels with narrow tread and 
heavy loads. The peculiarity of the plan 
now proposed consists in dispensing with 
cross ties, using a heavy stringer sunk in 
the ground nearly level with the road bed 
as the rail, a very wide surface of 6 or 8 in. 
for the rail, and an equally wide tread for 
the wheels. Such roads would be free from 
the defects of ordinary wooden railroads, and 
would be so cheaply constructed that no lo- 
cality need be without a railroad. Their in- 
fluence in promoting the settlement and de- 
velopment of a new country would be very 
great. 





ON ARMOR-PLATED SHIPS. 


By J. M. HYDE, Esq. 
From the “ Journal of the Society of Arts,”’ 


I need hardly say to the Society of Naval 
Architects that the subject of armor-plated 
ships for coast defence, or, indeed, for any 
other duty, is of the deepest importance at 
the present time. No one knows so well as 
those who have given any attention to naval 
construction, how difficult it has been to ar- 
range a ship that shall contain all the re- 
quisites necessary for a ship of war, even 
under the old system; modern invention has 
given us material so vastly different to any- 
thing known to the men who fought our 
great naval actions in former days, that the 
entire system of actions will have to be 
changed when the next great fight takesplace. 

Your Society has thought fit to place the 
subject of armor-plated ships for coast de- 
fence the first on its list. The prominence so 
given proves that they esteem it a subject of 
deep interest, as well as one needing dis- 
cussion and investigation, thus showing that 
at present there is some doubt as to what is 
the proper form of ship for coast defence. 
The contest between the guns and the armor 
plates has not ended, for so long as the guns 
progress in power so must the armor advance 
in strength; this is shown by the increase 
from 4 in., the first thickness of plates em- 
ployed, to the present, 10 in. and 12 in., thus 
attempting to keep pace with the guns. Ar- 
tillerymen will tell you, that, no matter how 
thick or complex the armor, if placed verti- 
cally they will be able to destroy it; no 
matter how thick the armor, it can be broken 





up by the modern shell. If this is conceded, 
if it is acknowledged that the guns can de- 
stroy the armor on a ship’s side, then it 
seems to be desirable to examine if there is 
not some other system of construction that 
shall stop the guns in their victory. Much 
professional ability has been given to the 
arrangement of ships with low free-board, 
offering small resistance to the enemy’s fire. 
Such ships admit of thicker plates being 
carried than those with high, lofty broad- 
sides, and are, no doubt, with their turrets 
fitted on a breastwork, the most formidable 
of all the ships yet built ; but still they are 
vulnerable, and, being so, are not of so much 
value as they should be. All vertical struc- 
ture, both hull and breastwork, can be 
penetrated, and the question will very natu- 
rally be asked, Why not seek some other 
form of construction so that the men who 
may have to fight the future naval battles 
of England may have a chance of escape 
given them? 

In offering for the consideration of your 
Society a different form of vessel from that 
hitherto adopted, I am quite aware of the 
very searching criticism that will be given 
to it; indeed, the importance of the subject 
demands that every possible investigation 
experience and experiment can bring should 
be brought to its careful study; and I am 
quite sure that the members of this institu- 
tion will receive with attention any reasona- 
ble suggestion, even from so humble a per- 





Se meoamimieae nama ititeta a A. & fm a& 4. eh 6&6 ok ot Om le 


— 


= oOo, 


top Oo@® @agd @ RO 


ARMOR-PLATED SHIPS. 


123 





son as myself. Permit me, then, to say that, 
so for back as 1854, I began experiments 
with angular targets, quite believing even 
then that the guns would succeed in pene- 
trating armor-plates. I am fortunate in 
having a letter still in my possession from 
the late Admiral Sir Byham Martin, refer- 
ring to a proposition made and submitted to 
him for the construction of armor-plated 
gun-boats. I refer to it to show that this 
question of angular sides for ships has been 
of long continuous investigation, and I am 
not aware of any one having given earlier 
attention to it. 

The difficulty and cost of constructing 
ships with vertical sides equal to resist the 
impact of modern projectiles is now gener- 
ally acknowledged. It therefore becomes 
necessary to make some other arrangement, 
and, in the absence of a better, I am per- 
mitted to bring before this society my sys- 
tem of double deflection. The models and 
drawings now produced represent that sys- 
tem. 


necessary. These are, first, stability and 
safety ; second, invulnerability ; third, light 
draught of water; fourth, comfort and ac- 
commodation for the crew. The first of 


these essentials, stability and safety, can be 


illustrated by the sectional models. These 
show sections of two vessels, one the ordi- 
nary ship of low free-board, the other a 
section of a double deflecting ship. Thee 
are arranged to be both of equal displace- 
ment, there being the same number of 
square inches in each midship section. An 
experiment with these models shows that 
in the first a given weight placed on the 
decks will capsize it; but the same weight 
placed on the deflecting model, in the same 
position, will have very little effect indeed, 
and even when placed on the outside of the 
deck will not have the same influence, thus 
proving the stability and safety of the one 
over the other. Actual experience thus 
shows the great advantage of an open-sided 
ship, especially its ability to carry heavy 
weights, such as turrets and guns, at a great- 
er height than the ordinary vertical-sided 
ships. And as regards the invulnerability 
of deflecting ships, I am quite prepared to 
assert that no projectile can penetrate the 
hardened surface of a sloping or deflecting 
side. What I mean by the hardened sur- 
face is this, I do not propose to use the very 
soft material now employed in the manufac- 
ture of armor-plates, such as our present 





In suggesting this form for a fighting- | 
ship, I have kept in view all the essentials | 





ships are plated with. Modern guns will 
send their projectiles through the thickest 
plate yet made; and, according to thé high- 
est authority, even 24 in. of iron will not 
resist the gun power that can be produced. 
If this is so, why not try the effect of a de- 
flecting side to a ship, and give the plates a 
hard surface on the outside? Material can 
be produced, a sample of which I have here, 
that is soft on the one side and hard on the 
other. The effect of a shot upon the hard 
surface is like the blow of a hammer on the 
face of an anvil; it is the velocity of a pro- 
jectile that makes it penetrate ; and a hard- 
ened surface will deflect any projectile that 
strikes it with even the highest velocity at 
an angle. I therefore propose that the side 
of a fighting ship should be formed with an 
angle above and below the water-line, as is 
shown by the model on the table, and that 
the apex of the angle should be arranged to 
be some 3 ft. above the water-line ; thus, 
such a ship would be difficult to hit fair, 
there being no face of the surface square to 
horizontal fire, neither at the sides nor ends. 
The decks and bottom must stand the same 
chances as in other ships; these will no 
doubt have to be made very much stronger 
than in our recent ships. The bottoms will 
have to be made to offer some resistance to 
the torpedoes, and instead of being only 
half-inch thick, I should submit 2 in. at least, 
and not less than 1 ft. of timber on the out- 
side; in any case the bottom of all the fu- 
ture ships must be made, or at least they 
ought to bemade, to offer a greater resist- 
ance to an explosion than the water in which 
they swim ; this can only be proved by ex- 
periment; and in the present condition of 
this great question it would be a wise ex- 
penditure to construct a section of a ship, 
with say a 2-in. bottom and 1 ft. of timber, 
for the purpose of an experiment. We hear 
a good deal about ramming when the ships 
of the modern days are spoken of. Now, it 
occurs to me, that a deflecting ship, such as 
this model represents, would offer a good 
deal of resistance to that manceuvre ; and [ 
am inclined to think the apex of the angle 
of such a ship would do more injury to the 
ramming ship than she would receive from 
such an attack. There is also another ad- 
vantage, and not the least in the arrange- 
ment of a fighting-ship, and that is the 
superior accommodation for the crew. Now, 
this is certainly a matter of very great im- 
portance, and however much ingenuity is 


expended in the design of a fighting-ship, 
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it should not be forgotten that the men who 
must fight the modern ships will be a much 
more valuable class, from the fact of the 
complexity of the machinery requiring a 
higher education, and therefore should be 
taken every possible care of. Now, a ship 
that requires artificial ventilation, like a coal 
mine, is not particularly agreeable as regards 
comfort for a closely packed crew, for should 
the machinery of the blowing arrangement 
get out of order during the excitement of a 
fight, the crew may stand a fair chance of 
suffocation for want of air. Inthe case 
of the deflecting ship, the deck being above 
the water-line, ample room is given for the 
crew, without the necessity of there being 
artificial means employed for obtaining the 
necessary air to breathe—in fact, all the 
essentials of a fighting-ship can be obtained 
by this system—invulnerability, steadiness 
of gun platform, easy draught of water, 


comfort for the crew, and moderate cost of | 


| construction. I produce samples of iron 
| fired at vertically by a model gun, and also 
|of tempered steel, fired at an angle of 22 
'deg., clearly showing the advantage of ang- 
‘ular structures. I also produce samples of 
' wood used to deflect the same projectiles. 
| This also proves, that even timber when 
placed at so low an angle as 22 deg. to the 
line of fire, is capable of resisting a pro- 
jectile of the more modern type. In sub- 
mitting this particular form of ship for con- 
sideration, I am quite sure all who are in- 
terested in the success of the British navy 
| will give me credit for a desire to maintain 
that power our common country has hither- 
to possessed, for, however brave our sailors, 
and however skilful the officers, our ships 
should certainly have every possible advan- 
tage that united ingenuity can give them, 
or the skill and bravery of those who handle 
them may be wasted in fruitless combat 
when the pinch comes. 





EXPLOSIVE AGENTS APPLIED TO INDUSTRIAL PURPOSES. 


By MR. F. A. ABEL, F. R. S.* 


From ‘‘The Mechanics’ Magazine.’’ 


The nature and properties of gunpowder, 
and its special advantages and defects as an 
explosive agent for industrial purposes, were 


first briefly reviewed. The application of | 


chlorate of potash to the production of mix- 
tures more violent than gunpowder was dis- 
cussed, their general susceptibility to explo- 
sion by friction or blows was. pointed out, 


. > ' 
and some comparatively safe compounds of | 


this class, such as Horsley’s powder and a 


substance called Tutonite, were specially 
noticed. The salts of an organic acid, called | 
picric acid, now produced in large quantities | 


by the action of nitric acid on the well- 


known antiseptic carbolic acid, were describ- | 


ed as endowed with explosive properties, and 
as furnishing very powerful agents when 
mixed with chlorate of potash or saltpetre. 
Of these the “poudre picrate,” or mixture 
of picrate of potash and chlorate of potash, 
was the most violent, but was far too dan- 
gerous, on account of the readiness with 
which it exploded by friction, to permit of 
its technical application. A mixture of pic- 
rate of ammonia and saltpetre, designated 
“picric powder” by the author, was de- 
scribed as certainly not more dangerous to 





® Inst, C. E., 14th May. 


| manufacture and to use than gunpowder; 
considerable quantities had been produced 
with the ordinary appliances of gunpowder- 
works, and the material had received safe 
'and successful employment as a violently 
| explosive charge for shells. 

Numerous other products of the action of 
| nitric acid upon organic substances, endowed 
with explosive properties, were stated to ex- 
ist, but only two of them—nitro-glycerine 
and gun-cotton—had hitherto received prac- 
tical application, and these two ‘constituted, 
at the present time, the chief rivals of gun- 
powder in many of its most important uses. 
Attempts were made to apply gun-cotton 
| immediately after its discovery in 1846, and 
long before its properties were understood ; 
but nitro-glycerine, which was discovered in 
1847, had continued a chemical curiosity for 
sixteen years, its manufacture and applica- 
tion having been developed during the last 
nine years. 

The early history of gun-cotton was briefly 
referred to, and it was shown that, even in 
the first days of its production and applica- 
| tion, important results were arrived at, 
though the too hasty attempts to utilize it 
led to its speedy abandonment, as a highly 
dangerous material, by all but the Austrians. 
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The improvements effected by Baron von 
Lenk in the application, as well as in the 
manufacture of gun-cotton, which first be- 
came public in 1863, led to a resumption 
of the employment of this agent in England, 
and to its careful study by a special Govern- 
ment Committee and others. The advan- 
tayes of the Austrian gun-cotton, as a min- 


ing, quarrying, and engineering agent, were | 


pointed out, as also the considerable im- 
provements in point of power, economy, safe- 
ty and convenience in use, in facility and 
uniformity of product‘on, which had been 
effected by the reduction of gun-cotton fibre 
to a finely divided condition, and its. subse- 
quent conversion into highly compressed 
homogeneous masses. The rigidity of the 
charges of gun-cotton, and their consequent 
occasional tendency to become jammed in 
irregularly-shaped blast-holes, were, how- 
ever, shown to be occasional sources of ac- 
cident; and the necessity for strongly con- 
fining gun-cotton, in order to develop its 
full explosive force, was a defect which ex- 
isted until recently, and had, for a time, 
rendered the material decidedly inferior to 
nitro-glycerine. 

An account was next given of the success- 
ful manner in which Mr. Alfred Nobel had 
developed the practical condition of nitro- 
glycerine. His discovery, that the explosion 
ot the liquid could be brought about through 
the agency of a detonation, and its success- 
ful manntacture, combined to furnish the 
industrial world with the most powerful ex- 
plosive agent hitherto susceptible of appli- 
cation, and which agent, from its high spe- 
cific gravity and insolubility in water, pre- 
sented the special advantage that it could be 
used in positions whence water could not 
be excluded. The poisonous nature of the 
substance constituted an objectionable qual- 
ity, and some uncertainty occasionally at- 
tended its employment, but its principal de- 
fects arose from the fact of its being a liquid, 
and from the comparatively high tempera- 
ture at which it froze. ‘The majority of the 
numerous fearful accidents which had occur- 
red during the transport and handling of 
nitro-glycerine, appeared to be caused by the 
accidental leakage of the liquid from recep- 
tacles in which it wasconfined. The liabil- 
ity of such leakages to escape observation, 
and to lead to accidental explosions which 
would be transmitted to the confined nitro- 
glycerine, and the reckless manner in which 
tue frozen nitro-glycerine had been frequent- 
ly dealt with, in consequence of its apparent- 





! 
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ly inert condition, had been fruitful sources 
of disaster, which had rendered the liquid, 
in its pure condition, a very unsafe material 
for employment as a mining agent. But 
Mr. Nobel had succeeded in applying nitro- 
glycerine in a simple manner, by which its 
defects, arising out of the liquid nature of 
the material, were remedied. He mixed 
nitro-glycerine with a porous and finely- 
divided silicious earth, and thus obtained a 
solid but plastic preparation, which could 
be conveniently handled and converted into 
charges of suitable dimensions, susceptible 
ef application like any other solid explosive 
agent, and capable of detonation quite as 
readily as the pure nitro-glycerine. This 
mixture, called dynamite, and of which one 
or two varieties were prepared by Nobel, 
was stated to be one of the safest, most con- 
venient, and most powerful blasting and 
mining agents. As now manufactured in the 
form of compressed charges, it retained as 
much as 75 per cent. of nitro-glycerine, with- 


| out exhibiting any tendency to a separation 


of the liquid during transport and storage. 

Several other nitro-glycerine preparations 
of more recent production were referred to, 
all of which might be regarded as modifica- 
tions of dynamite. In some of them, such 
as Horsley’s mining powder, dualine and 
glyoxiline, solid explosive compounds of 
mixtures were employed instead of porous 
silica as the absorbents of nitro-glycerine ; 
in others, as in lithofracteur, the silicious 
earth and nitro-glycerine contained in dyn- 
amite were in part replaced by semi-explo- 
sive substances, for example by gunpowder 
constituents. None of these newer prepara- 
tions contained so high a proportion of nitro- 
glycerine as dynamite, and although some 
of them, such as lithofracteur, might vie 
with it in regard to safety, it was scarcely 
possible that the substitution of other explo- 
sive substances for a proportion of nitro- 
glycerine in the mixture could result in the 
production of an equally powerful explosive 
agent. 

When it was found, by recent experi- 
ments, that gun-cotton in the compressed 
form could be exploded by detonation like 
nitro-glycerine and its preparations, that 
substance proved to be quite analogous to 
them in its behavior, though the pure 
nitro-glycerine remained somewhat the 
strongest explosive agent. The suddenness 
of the explosion developed by detonation 
permitted of the application of compressed 
gun-cotton and nitro-glycerine to purposes 
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of destruction without any confinement, and 
thus operations could be expeditiously and 
effectually carried out with comparatively 
small quantities of these materials, which 
could only be accomplished by exorbitantly 
large charges of gunpowder. The rapid 
demolition of military works, bridges, etc., 
the breaking up of boulders, large masses 
of rock, guns, or castings or forgings, were 
quoted as operations of this class. 

The author pointed out some of the 
causes of the great difficulty experienced in | 
arriving at anything approaching a precise | 


fired by special arrangements, and the un- 
pleasant effect experienced occasionally by 
those using it, were inconveniences not 
shared by gun-cotton. The advantages 
presented by these materials, in their gene- 
ral application as blasting agents, were 
shown to consist chiefly in saving of time 
and labor, especially in tunnelling or in 
blasting in hard rock. They were also 


| susceptible of advantageous employment as 


auxiliaries to gunpowder, in the rapid re- 
moval of large masses of rock, or of sub- 
merged wrecks; the violent explosive agent 


estimate of the relative power and effect of | being first used to produce extensive rend- 
different explosive agents. Taking dynamite | ing apd shattering effects, and the superior 
as the type of the practically useful nitro- | displacing effect of powder being afterwards 
glycerine preparations, and as certainly one | brought tobear. It was pointed out that gun- 
of the strongest, experience had shown it powder could not be satisfactorily replaced 
and compressed gun-cotton to be about on) by these violent explosive agents in some 
an equality in point of power, and to exhibit, | kinds of work, where its comparatively gradu- 
in their most advantageous applications, a | al action was a specially valuable feature. 

strength which was estimated at six times| In conclusion, the author showed that, in 
that of powder. The plastic nature of dyn-| the application of gunpowder to industrial 
amite and its power of resisting penetration | purposes, some decided advance had lately 
by moisture, gave it advantages over com-/| been made, for its violent explosion could 
pressed gun-cotton, as it could be used in| be developed, like that of all other explos- 
wet blast-holes, and as very irregular holes, | ive mixtures and compounds, through the 
or holes terminating in fissures, could be | agency of a detonation, whereby its action 


more conveniently and heavily charged | might be considerably intensified, and its 
with it than with gun-cotton. On the other | application to some important classes of 
hand, the readiness with which dynamite | work, ¢. g.,in submarine operations, greatly 
froze, and its inertness unless thawed, or | facilitated. 





CHARCOAL-USING BLAST FURNACES. 
By G. FRASER. 
From ‘The Engineer.” 


When lately considering the questions | either. Having regard to the necessities of 


involved in the selection of sites for char- 
coal iron-works, the writer arrived at the 
conclusion that attempts. at increase of pro- 
duction by undue concentration of the blast 
furnaces in any single locality represented 
a policy at once ruinous and suicidal; and 
he further endeavored to point out how im- 
portant were the considerations which 
should be weighed in deciding whether the 
ore should go to the fuel or the fuel be 
taken to the ore. Apart, of course, from 
any special circumstances, either in regard 
to the position of the mineral deposits or the 
position of the forests with reference to 
th>m, his opinion was expressed to be in 
favor of taking the ore to the fuel, with the 
open alternative of both being brought to- 





gether at some point relatively accessible to 


cheap means of transit and the primitive 
character of the countries to which, for 
reasons which he pointed out, charcoal iron- 
making operations are almost absolutely 
confined, the result of his considerations 
was, that the banks of rivers appeared to 
him to be in most cases the likeliest spots 
where suitable sites would be found, and 
for the positions of permanently placed fur- 
naces; to that opinion he still distinctly 
adheres. There may be, however, and he 
conceives it is far from improbable, circum- 
stances under which such sites might not 
only be unattainable, but even non-existent, 
and then would arise the question for de- 
cision, of how far, in view of the constantly 
shifting nature of the fuel supplies, it is 
good policy to adopt, for blast furnaces at 
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least, anything like a permanent location. 
That this is a somewhat novel view to take 
of the policy which should guide a charcoal 
pig iron manufacturer in his selection of the 
site for his works, will, the writer ventures 
to think, be very generally admitted, and 
perhaps until the idea be fairly grasped, the 
old associations which tend to make people 
look upon even a little wood-fuel blast fur- 
nace as something permanent and immov- 
able, will have sufficient weight to give the 
proposal a chimerical appearance, which 
when duly considered in connection with 
modern means and appliances it does not 
really possess. 

Perhaps the best way of approaching the 
question will be to consider what are actu- 
ally the conditions of permanency which 
would seem to attach to a charcoal blast 
furnace, and what are those advantages 
which would accrue to it were its portability 
and that of the blowing engine a matter 
contemplated in their original design, and 
arranged for in the economy of their plan 
and construction. To begin with the fur- 
nace itself, the writer can see no difficulty— 
at least no insurmountable one—in having 
a framework formed in iron segments, to be 
bolted or screwed together in pieces suffi- 
ciently light to be easily transportable, even 
in countries where the roads or other means 
of transit may not be very good; and then 
the lining of this frame, at all events above 
the boshes, might readily be formed of any 
moderately refractory material, rammed in 
on acore in like manner as are made up 
the hearths of second melting cupolas. In- 
deed, whilst speaking of this, the writer 
may, perhaps, be permitted to say that, in 
his opinion, all small blast furnaces would 
possibly be found to last longer and with- 
stand heat better were they constructed on 
the principle of simply ramming sound, 
seasoned, and well-tempered fire-clay be- 
tween the outer walls or plates, and a solid 
core of the desired section. The experience 
and observation of all furnace and forge 
managers will, he feels convinced, bear him 
out in the statement he makes from his 
own, that in nine cases out of every ten the 
eating away of fire-bricks in furnaces com- 
mences at the point where either imperfect 
workmanship or the too liquid character of 
the clay grouting in which the bricks are 
set, leaves openings (possibly almost infini- 
tesimally small ones, yet existing) for the 
flame in some positions, or the cinders and 
metal in others, to commence their attack. 





Attending, however, this proposed method 
of construction is clearly the absolute neces- 
sity of gradual and careful drying and pre- 
liminary firing. 

Of the blowing engine, and the arrange- 
ments for getting steam, utilizing the gases, 
etc., it would probably be desirable, when 
defining primary principles, to go further 
into detail than is within the compass of such 
an article. as is the present one; without, 
however, exceeding his space, it may, per- 
haps, be possible for the writer shortly to 
explain his views upon these points. 

Taking it for granted that at but few, if 
any, of the charcoal furnaces in operation is 
the pressure of blast anything considerable, 
if at all over 2 lbs.; and assuming also that 
this pressure can be most easily and econ- 
omically supplied by a short-stroke engine, 
with annular air valves and multitubular 
boilers, there surely can be no difficulty 
whatever in designing a machine which 
would not only provide the blast, but also be 
of sufficiently light and simple a con- 
struction to be readily and economically 
movable. 

It must be remembered that, after all, these 
pigmy charcoal furnaces are, as has been 
said before, little greater in their air require- 
ments than the larger cupolas now in use, 
and that, therefore, small light engines are 
fully equal to the task of furnishing the 
suppty ; and this being the case, there can 
clearly be no necessity for the heavy bed- 
plates, huge framework, weighty cylinders, 
fly-wheels, etc., which the writer has seen 
placed in position for supplying blast to a 
furnace producing 35 tons of pig per week, 
and where the pressure at the single tuyere, 
blown through a 2} nozzle, never exceeded 
2 lbs. 

To refer to the story of English iron 
factories, it seems sufficiently clear that 
our earliest producers of iron followed our 
great forests, and that when these ceased to 
exist the production of charcoal iron by 
necessity ceased. The writer does not, how- 
ever, here in anywise mean to argue that 
mineral fuel iron did not, from its unlimited 
quantity and innate adaptability to the re- 
quirements of the age, necessarily supersede 
the charcoal qualities. Yet, nevertheless, 
if to countries possessing comparatively 
virgin forests, we can now take not merely 
the rude appliances with which our ances- 
tors first won the metal from the ore, but 
machinery of the highest mechanical per- 
fection, yet light, and fitted for easy re- 
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moval, it seems to the writer that there is! natnral resources of many of our colonies 
a future before the enterprising manufac-| and other countries, not merely of great 
turer of charcoal iron who has the courage | pecuniary success, but a future as a pioneer 
to bring to bear the science of the present of civilization, worth, to some minds at least, 
day, on the, as yet, comparatively untouched | vastly more. 





GALVANIC ACTION ON IRON SHIPS. 


From “The Engineer.’’ 


It was to be expected that the stranding | theory, ought to awaken no surprise, that 
of the Megeera—one of those untoward and | should even a minute piece of copper come 
costly accidents that stop little short of | into contact, and so remain, with the inside 
meriting the designation of calamities— | bottom of an iron ship, then wetted with 
should have caused attention to be directed | bilge-water, as, under the circumstances of 
more closely than heretofore to the condi- | the case, it necessarily must be, active gal- 
tions affecting the safety of iron ships. Not | vanic energy is established between the two 
that there was any nine days’ wonder at- | metals, and iron being the sacrificial metal 
tached to the break-down of that unfortunate | of the couple, the bottom will, sooner or 
vessel. She had long done good service, in | later—and sooner rather than later—be 
the doing of which she wore out, and wore | eaten through in a hole somewhat larger 
through—a very natural consummation, | than the superimposed copper. A practical 
one, we may add, that had long been ex- | question now suggests itself, and it is this 
pected, one that needs no invocation of gal- | —to what extent, if any, would the erosive 
vanic agencies to account for it, being per- | action be diminished by inclosing the piece 
fectly explicable on the assumption that; of copper in a canvas envelope before de- 
sea-water externally and bilge-water inter- | positing it on the interior of an iron ship’s 
nally between them wrought out their full | bottom as before? We ask this chiefly in 
complement of erosion. Notwithstanding | reference to a circular which has just been 
this opinion, we do not in the least under- | issued, defining the duties and responsibili- 
value the evidence elicited in the course of | ties of dockyard, steam reserve, and ships’ 
inquiry relative to the Megzera break-down. | officers, with reference to examining the in- 
On the contrary, we think it highly desir- | side of iron vessels. In these instructions 
able that the special action of bilge-water | it is enjoined that the bilge extremity of 
and the galvanic function of varied metallic | pipes must be of other material than copper 
contact in presence of bilge-water, should | or brass, and pipes of such metals as are 
have been subjected to investigation. We | of necessity in the bilge are ordered to be 
believe that the evidence elicited drew the | varnished and clothed with canvas. Stress 
attention of many for the first time to ais next laid on keeping the inside of the 
point that, amounting now to no more than | plating accessible for constant examination, 
a grave suspicion, may hereafter turn out and to the turn of the bilge covered with 
to be a demonstrable fact, that the bottoms | cement, but elsewhere painted or varnished 
of iron ships incur more chances of erosion, | —all these to be examined whenever the 
degradation, and ultimate perforation from | ship is in dock, and every part of the vessel 
the effects of bilge-water, direct and indirect, | below water is to be examined and reported 
acting from within, than sea-water acting | on once a year. All these instructions re- 
from without. Under the category of bilge-| fer to dockyard officials, but officers of 
water erosions, we comprehend not merely | commissioned vessels have duties of similar 
the direct agency of wash of the bilge-water | kind imposed upon them too. The chief 
itself, but the more fatal galvanic erosion | engineer and carpenter are enjoined to ex- 
set up when, unfortunately, bilge-water is | amine once a quarter every accessible part 
recognizable as the chemical agent for de-| of the skin and frames—making a report 
veloping galvanic action on a metallic couple | thereon, specifying defects, and also steps 
of which iron is one and—as necessities of | that may have been taken to remedy them. 
the case involye—the “ sacrificial metal.” | Outsides of all ships are to be examined an- 
It is an alarming fact in practice, and one | nually ; gun-metal propellers must be coated 
that, being so perfectly in accordance with | with cement and fitted with zinc protectors. 
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From “The Lambeth Review.” 


Let us now proceed to examine what 
there is in the nature of Gothic art which 
enables us so very confidently to prefer it to 
any other. And here we may say that we 
should be the last to ignore at all the claims 


which Gothic architecture has upon our love | 


and reverence by reason of its connection 
with all that is most interesting in the his- 
tory, the romance, and the religion of our 
country; whilst at the same time we are 
quite prepared to maintain its claim to be 
up to this time our only national and indi- 
genous form of architecture. These would 
be strong grounds indeed for loving any 
form of art; but they are not the grounds 
on which at present we desire to insist on 
the truth of our views. ‘They are rather 
reasons founded on tender sentiment than 
on practical considerations, and architecture 


is so essentially a practical art that we pre- | 
fer to put forward none but practical ar- | 


guments in favor of the’ style on which, as 
we believe, our architects ought to found 
the whole of their future work. 

The arguments for the use of the Gothic 
style in buildings of every description are, 
then, mainly these—that it is a practical, a 
real, and, in this country, a natural as well 
as a national style, and above all, eminently 
a free style of architecture; suited, there- 
fore, to deal in the best way with the many 
new problems of construction and materials 
which have to be solved by every architect 
in these days. These are the arguments 
for Gothic architecture which have often 
been put forth and have never been seri- 
ously controverted, and which, indeed, ad- 
mit so little of either a denial or an answer, 
that one cannot affect to wonder at the 
course pursued by objectors, who, ignoring 
altogether their very existence, devote them- 
selves instead to meeting the other argu- 
ments for it, which appeal indeed to the 
sentiments and instincts of very many of us 
with the greatest possible force, but which 
are still not the real foundations on which 
we ground the whole superstructure of our 
belief. 

The reality and truthfulness which char- 
acterize all good Gothic art are, then, its real 
claims on our respect, and unless architects 
always remember this in their work, they 
will find no difficulty whatever in sinking as 
low as any of their predecessors. 


Vou. VIL —No. 2-9 


If we examine the ancient examples of 
domestic architecture still remaining in ev- 
ery part of our country, we shall find that 
|they are almost invariably designed and 
constructed on the simplest and most utili- 
tarian system. Their ground plans were 
arranged, not in order to secure an academ- 
ical uniformity on the exterior, nor without 
| reference to the undulations of the ground 
on which they stood, but so as exactly to 
suit the wants of the building and of th 
| locality. The facility, indeed, with which « 
|medizeval architect suited his work to its 
position, is marvellous. His building seems 
|to grow out of the ground on which it 
stands naturally and vigorously, and re- 
quires no artificially-made mounds of unne- 
cessary earthwork, painfully precise in their 
heavy outlines, to serve as sham founda- 
tions for its walls. The arrangements of an 
old building, where they mark customs or 
wants which have died out, are not such as 
any one need slavishly imitate. But the 
principle of the arrangements was one whici 
we should all do well to follow. Rooms wer 
not packed together within a square box- 
like outline, and lighted, whatever their size 
or insignificance, by windows of the same 
shape and importance; but the use of each 
room was appropriately marked by the 
character of its decorations, and (to take 
one example out of many), instead of de- 
signing chapels and infirmaries of great 
institutions so absolutely identical in ap- 
pearance as not to be distinguishable on 
from the other (as we have seen done Jate- 
ly), the use of almost every part of a build- 
ing was marked even on the exterior; if 
there was a chapel, it was conspicuously a 
chapel; if a hall, the guests and retainers 
|had no difficulty in seeing afar off where 
they should find it. Ifa house was to be 
built for defence, Carnarvon and a hundred 
castles elsewhere may tell how naturally it 
was done. If for study and seclusion, what 
can be more practical than such colleges as 
those of Winchester, Oxford, and Cam- 
bridge, or more perfectly adapted for their 
purpose than the great institutions of the 
religious orders which are still the jewels 
that adorn the fairest spots throughout our 
land ? 

The internal arrangements to suit the 
convenience of the occupiers were as natu- 
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ral and often consequently as picturesque 
as those arrangements of the exterior which 
were devised to suit the locality—and we 
can never do better than follow their exam- 
ple in this respect. Nothing is so weari- 
some as the dreary similarity of the plans 
of modern houses; you do not want to be 
able to settle before you enter exactly the 
number of rooms and position of every one 
of them in a house. If there be a surprise 
of any kind in some unexpected arrange- 
ment in a new position of a staircase, in a 
room lighted by windows a little out of the 
common in their place or shape, or with 
some pleasant recess where you can escape 
from the usual four-square simplicity, how 
grateful do you not feel to the designer ? 
You feel directly that you are in the pres- 
ence of work done by a man who has 
thought about putting some of his own 
mind into it, and of giving it some human 
interest; he must have conceived of his 
room furnished and inhabited; he knew 
that a quiet bookish corner might be made 


here; that there, in the cheerful recess of 


the bay window, a merry family group might 
assemble; that on the wall here the best 
work of art the house possessed might be 
fitly enshrined in its frame; whilst there 
the eye would be satisfied with the diaper 
grave or gay on the tapestry or hanging 
with which the walls are covered. In the 
hall one would like to find recesses where 
they were wanted; a staircase shut off with 
screens glazed or open, and charming the 
eye by the intricate framing of its natural 
and artistically-treated carpentry, and, in 
short, everywhere the beauty that always 
attends natural dispositions of the plan, and 
poetical conceptions of life and its arrange- 
ments. Who is there that has not felt all 
this? Who is there that has not occasion- 
ally thought that the house even of a hun- 
dred years since, often somewhat irregular 
in its plan, in its levels, and in the general 
design of the interior, is, after all, infinitely 
more delightful than the pretentiously reg- 
ular houses in which most of us are now 
compelled to pass the whole of our lives, 
without the remotest possibility of ever feel- 
ing any love for any one of the rooms or 
any part of one of the rooms they contain ? 
This is a miserable state of things; the ob- 
ject ought to be to give each man something 
to love in his own house and in his own 
room, and the more specialty of character, 
the more peculiarity and quaintness, the 
more beauty, and the more soul there is in 


] 
| the design and arrangement of the interior 


of a house, the more chance there is of 
this. ° 

Our old Gothic architects accomplished 
all this; their love of variety and the ra- 
tionality of their treatment of all details 
made this possible, whilst they saved them 
also from the dreary monotony of that iron 
law of uniformity which has impressed it- 
self upon architects just in proportion as 
ow have succeeded by their rules, their 
traditions, and their fixed systems in de- 
| stroying all special character in the individ- 
| ual man, and making him little more and 
| little better than a machine. They never 
| thought it necessary to sacrifice common 
| sense to symmetry, so as to make, for in- 
j stance, every window absolutely alike 
throughout a building hundreds of feet in 
length, without reference to whether they 
| light the principal apartments of the house, 
| the butler’s pantry, the staircase, or the 
| garderobe. They built no enormous porti- 





|coes leading only to the first floor rooms, 
and therefore seldom used, or if used at all, 
conveying the idea—as we see at the Na- 
tional Gallery—that the rooms on the 
| ground floor are mere cellars; and so un- 


fitted to our climate, that—as we see at the 
British Museum, or as we used to see too, 
during the season, at the Royal Academy— 
they are obliged to extemporize a glass or 
canvas cloister within the portico in order 
to enable the public to pass through it. 

A happy result of the course which our 
forefathers pursued was that their build- 
ings were, perhaps, the most picturesque in 
their grouping and general effect that were 
ever seen; and there are few Englishmen, 
fond of the scenery of their country, who 
are not ready to admit the singular fitness 
of the buildings for their sites which marks 
medieval houses in contrast with most of 
those of any pretension erected within the 
last two centuries. 

This picturesqueness is so natural to our 
English eyes that even in later days a long 
array of buildings may be adduced, arranged 
in imitation of Gothic houses, with almost 
exclusive attention to picturesque effect; 
whilst, in some districts, the Gothie princi- 
ple may almost be said never to have died 
out. Elizabethan and Jacobeean buildings 
were the obvious result of a struggle to re- 
tain the loved and lovable characteristics of 
earlier works; and there are large districts 
in which, as in Northamptonshire and Som- 
ersetshire, the steep-roofed, stone-monialed 
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houses, and others—as Sussex or Kent— 
where even the farm-houses and cottages 
were instinct with the old fire, and scarcely 
touched by the influence of the classic 
school, even down to the end of the last 
century—the country builders never having 
given up their old traditions, and modern 
architectural rules and mannerisms having 
never been introduced among them. 

Is it possible, then, to adduce better rea- 
sons for any kind of architecture in the 
world than can be adduced for our own 
Gothic style? It is the style consecrated to 
us by its essentially national character, as 
proved by its development through all its 
stages in our own country; consecrated also 
by its essentially religious character, as 
shown by its use in all our religious build- 
ings, and its connection with all our most 
sacred associations; allied with all our best 


not understanding how to gather the lessons 
which they teach, and so as to obliterate all 
the distinctive character of English Gothic 
—and to a great extent we are inclined to 
agree with them. We do not sympathize 
with those who would plant Venetian pala- 
ces among the trees and in the parks of 
England; though, on the other hand, we 
have as little sympathy with those who re- 
fuse to learn any lesson from buildings 
which contain so much that is alike beauti- 
tiful and useful. 

The Italians, for instance, to whose work 
the greatest objection is usually made, were 
for a long period but little behind French, 
Germans, or English in love for Gothic art. 
Theirs was a land of redundant richness in 
art, and, if the Etruscan and Roman re- 
mains are noble and numerous, those of the 
|Gothie period are no less so. There is, 





types of education in our great universities | moreover, this special feature about them— 
and public schools; with all our ideals of | that they are almost as well suited in every 
the picturesque and the homely in count- | respect for modern use as any buildings can 
less old houses spread across the land; and | be. The Italian towns in the middle ages 
with all our recollections of charitable duties | were much like our own at this day; they 
in the hospitals and bede-houses, of which | were great centres of general intelligence 
so many still remain. It is a utilitarian | and of artistic pursuits. The houses in- 
style, and a free and practical style, as is | closed within their walls were often true 


proved by the way in which, of old, it | palaces—light, airy, and cheerful—impos- 
availed itself of every obtainable material, | ing in their character, and in no wise sav- 


every then conceivable resource, for the de-| age or gloomy. The vast number of the 


velopment of its character and the increase 
of its attractions. A style, therefore, which 
if it be treated in the same spirit and with 
the same sense of the real duty of the ar- 
tist as of old, must lead modern architects 
to combine, with a healthy reverence for the 
past, a hearty energy in availing themselves 
of all the many advantages and opportuni- 
ties of the present ; a style in which it is no 
task work to design, in which there is no 
sense of bondage, but rather the noblest 
kind of freedom—an ordered liberty. 

It may be said, however, as it often has 
been, that these developments which some 
men think so natural and so lawful, will 
really destroy the Gothic character of our 
work. It must be observed, in passing, 
that this assertion is not always very hon- 
estly made, because generally those who 


| medizeval remains in Italy is most remarka- 
| ble, nor less so is the enthusiasm with 
| which every one with the eye and hand of 
/an artist singles them out at once as the 
| subject for every sketch or painting that he 
i'makes. Their value to us will be seen if 
| we examine them fairly and without preju- 
|dice. If the necessities of locality require 
| brick building, nowhere in Europe shall we 
| find more suggestive examples than these. 
| If covered passages are wanted, nowhere 

can we see more perfect types than are af- 
| forded by Italian examples of their treat- 
iment. If decoration in marble or with col- 
|or be an object, the best examples of both 
/are to be seen in Italy. If the value of 
| ground be so great that we are obliged to 
| use it economically with simple unbroken 
| masses of wall and great height of elevation, 


make it are the very men who venture | nowhere else are both so often seen as there. 
themselves on far greater departures from | Besides all which, it is not difficult to trace 
the Renaissance or classic types. But it| analogies and similarities between many 
is, however, sometimes used by those who | features in English and Italian Gothic. Our 
are, or pretend to be, in favor of Gothic, | architecture is all derived from Roman- 
and to them a few words are due. They | esque or Byzantine work, and despite the 
have a just dread lest any one should | alterations and modifications which were 
merely import copies of foreign examples— | gradually made in it, still bears evidence of 
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its origin; and, in availing ourselves of 
hints and suggestions derived from the 
study of foreign examples, if we begin with 
sufficient reverence for and knowledge of 
our national art, we may avail ourselves of 
the lessons they teach without showing any 
want of loyalty to our own traditions. 

Take the case of windows, for instance, 
and it is impossible to say that there is any- 
thing opposed to our English Gothic in the 
best Italian examples. We are told that 
the windows of some of our oldest buildings 
are too small, inconvenient in their con- 
struction, and only fitted for the most prim- 
itive mode of glazing. Now, whatever mod- 
icum of truth there may be in this charge 
as applied to ordinary English windows, 
there is none whatever if it is applied to 
Italian examples. They are either wide 


single lights with simply pointed or cusped | 


heads, or they are grand compositions of 
several lights divided bv detached shafts, 
and surmounted not unfrequently with fine 
open traceries. The principle of all is alike. 


They are ample in their width, and the 
window frames of wood are placed behind 
the stone jambs or shafts. 


They admit, 
therefore, of any kind of wooden frame- 
work for sashes, French casements, or shut- 
ters; and where they are used it is a mat- 
ter of perfect indifference what fashioned 
fittings it is desired to introduce, whilst it 
seems preposterous to suppose that those 
who inherit the traditions of the only school 
of artists who ever treated the decoration of 
glass in a right manner should be debarred 
from adopting any kind of glazing the use 
of which is demanded by reason of the ad- 
vantages which it affords. There is no one, 
probably, who really believes that if plate- 
glass had been made in the 15th century, 
architects would then have refused it ad- 
mission into their buildings; and, though 
one may more than doubt the artistic ad- 
vantage of introducing it, it is simply ab- 
surd to say that it is unusable. The advan- 
tages which it presents are many and noto- 
rious; and, on the other hand, the disad- 
vantages of its use, if not so obvious, are 
still serious. Seen from the exterior, its 
broad, smooth surface makes the windows 
look like so many unglazed holes in the 
wall, and there is none of that play of light 
and shade and color which in other glazing 
pleases the well-trained eye; whilst seen 
from the inside its effect is always cold and 
cheerless. Doubtless the most pleasing 
glazing is always that which shows some 





kind of design and taste in its arrangement, 
and it is quite possible to combine this with 
larger unbroken space in those (generally 
the lower) parts of windows which are alone 
used for looking out of. The subdivision of 
the rays of light is always, by very much, 
more agreeable to the eye than their admis- 
sion into one unbroken mass; and, however 
much the smartness of plate-glass com- 
mends itself to modern taste, every one who 
goes into an old house, which still retains 
its old glazing, is involuntarily charmed 
with its effect. 

The system of design of Italian windows 
is not unknown in England. In the 12th 
and 13th centuries most of our domestic 
windows had shafts instead of moulded mo- 
nials. Examples may be seen at South- 
ampton; at Christ Church, Hants; John 
of Gaunt’s House, Lincoln; Boothby Pag- 
nel; Longthorpe; Oakham, and many oth- 
er houses of that age. If we cross to 
France we shall find examples of the same 
kind occurring constantly. In Belgium we 
shall see them in the best early works—as 
€. g., in the exquisite town hall at Alost, 
and in Germany, in the numerous medizeval 
houses of Ratisbon—to mention some of the 
oldest out of numerous examples. 

It will be seen, therefore, that we have 
not to depart from English or northern tra- 
ditions in adopting more largely a type of 
window which happens to have been brought 
to the greatest perfection and used most 
frequently in Italy. 

It is difficult to over-estimate the peculiar 
advantages derivable from the Gothic treat- 
ment of windows. It need hardly be said 
that, if there is one feature of detail which 
marks the style more than another, it is the 
system of fenestration. To add windows 
to classic buildings you either rudely run 
counter to all old traditions, or you are 
obliged to treat your windows with very 
little variety, and generally just in the same 
way, and with the same details, as your 
doors. In classic buildings the window is 
an inconvenience, in Gothic it is the princi- 
pal ornament of design. The consequences 
of this difference are important and notori- 
ous. In a Gothic building the windows 
may be proportioned exactly to the wants of 
the room they light; every variety of size 
is admissible. They may be wide or nar- 
row, tall or short, divided by monials or 
not; for, if a wide opening is admissible in 
buildings which do not freely allow the in- 
troduction of arches, surely it is tenfold 
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more so in one which insists upon the arch, 
and objects to the invariable cracked win- 
dow-head of our 19th-century houses. The 
openings of windows may be square-headed, 
cusped, or simply arched; square-headed 
windows are of constant occurrence in early 
work. Sometimes the openings are wide, 
and have flat segmental arched heads; 
often the openings are square-headed, but 
above them are pierced traceries. They 
may be contrived also to suit exceptional 
positions. In staircases, for example, they 
may be built with sills sloping or stepped 
to suit the rise of the stairs. 
projected or corbelled out, as bay windows 
or oriels, and they may have balconies, 
which will be best liked when they are 
most closely founded upon the Venetian 
examples, whose simplicity, beauty and util- 


They may be | 


which we have seen, in which, in spite of 
a few per mouldings and a good many 
| pointed arches, all life has been sacrificed 
to - desire for uniformity. 

From windows let us turn to doors, and 
| we shall again find a variety of e xamples 


| 
| 
| 


affording us the greatest liberty it is pos- 
sible to conceive. The opening may be 
arched or it may be square, and its propor- 
tions may be varied in any way. Our doors 
may be hung with hinges of brass or of 
iron, as simple as our poverty requires, or 
as full of cunning handicraft as the best 
smith we can find can make them. Our 


| external doors may be protected by porches, 


| rigor 


ity make it impossible to devise any form | 


which shall be an improvement upon them. 
They may be placed so as to command par- 
ticular views, at an angle of a room or 
wherever most convenient, or they may be 


| house may all be similarly devised, 


placed as close together as is necessary to | 
secure the very largest amount of light in | 


the interior. Finally the absence of all ne- 
cessity for a rigid uniformity of the exterior 


makes it easy to introduce them wherever | 


most wanted for internal convenience, whilst 
the flexibility of the style makes it possible 
not unfrequently to make every window tell 
its own tale, just as we see in old houses, 
where the chapel, the hall, the lady’s bower, 
and the kitchen, are each so clear ly marked 
that even in their present most forlorn state 
they can be still recognized with the great- 
est ease. Comparing the liberty of Gothic 
work with the bondage of classic and Re- 
naissance in tuis respect, we may well be 
astounded at the infatuation which 
make any one doubt as to the superior fit- 
ness of the one to the other for modern use. 
In the latter styles all the efforts of cen- 


turies have left but two or three types of 


windows for our choice—the one a mere 
square hole in the wall, another the same 
hole adorned with a shallow ineffective 
moulding, and the third the same with the 
addition of a pediment, sometimes straight- 
sided, sometimes curved, and sometimes by 
special inspiration broken in two in the 
centre ! 

Sad will it be if in so-called Gothic build- 
ings these traditions are allowed to inter- 
fere with the whole spirit of the style! 


Yet that this fear is not groundless is proved | 


Pan | 


| allowable being indulgence 


| which is not quite intelligible, 


by cloisters, by covered ways, or, if we 
want none of these protections from the 
of our climate, then by delicate 
overhanging canopies of wood or of metal, 
and they will still not depart from the strict- 
est limits of ancient precedent. 

The inside finishings and of a 


either 


fittings 


in accordance with those of old buildings or 
on a principle of design entirely in harmony 
with them. 

Ceilings may either be open, showing the 
timbers, or boarded and panelled on the 
under side, or plastered and stamped, or 
painted with diapers, or of iron filled in with 
terra-cotta or brick, the only liberty not 
in the fashion- 
able plaster cornice and unsafe plaster orna- 
ments of our modern houses, the object of 
whilst the 
structure is invariably false and not unfre- 
quently dangerous. If we must have Go- 


| thic cornices they ought either to be of stone 





in the former case giving ad- 
in the latter 
of the 


or of wood ; 
ditional support to the floors, 
being usually the moulded edges 
plates below the joists. 

Plaster may legitimately be ornamented 
with diapers in the manner common in 
England in the seventeenth century, or cut 
into patterns in the way we see in some of 
the best Moorish work in Spain ; but its use 
as an imitation of stonework no more 
defensible inside our houses than it is out- 
side. In both it is equally false in prin- 
ciple, and in both equally bad in effect. For 
other internal works the subtle delicacies of 
the carpenters’ work of the middle ages sug- 
gest and admit of endless development. 
The truthful-treatment of material which 
characterizes it will be, above all things, 
advantageous, whilst the suggestive charac- 


is 


by the designs for some large buildings ter of some of the Italian works will show 
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us how easily we may, if we will, introduce 
every kind of inlaid work in various colored 
woods in furniture, floors, panelling of 
walls, doors, ceilings, and staircases. Our 
ancestors used oak because it was always 
readiest to their hands; we have no such 
facility now ; and, if we are obliged to go 
abroad for our woods, we shall be wise to 
put all descriptions of wood under contribu- 
tion, and to use them as we may be sure 
our ancestors would have done in our place. 
They varied their material in every possible 
way. Sometimes for instance, they covered 
their doors with rich colored leather, at 
other times painted them, and if they had 
possessed our facilities they would have in- 
laid them also. So that, as compared with 
the revivers of Classic art, those who fol- 
low Medieval precedents really enjoy great 
liberty in the treatment of the mouldings, 
carvings, and general details of their work, 
which may all be significant and illustra- 
tive, and not eternal reproduction of the 
same forms. 

We have shown sufficiently, we think, 
that the cause we advocate demands no 
sacrifice whatever 
reality, that it is easily adapted to our 
wants, and that one of the chief grounds on 
which we adopt it is, indeed, the perfect 
freedom which it affords for doing good 
work in every kind of material, and for 
every possible use; and, if this be so, there 
can be no pretence whatever for saying that 
there is any less reason for adopting it for 
houses and public buildings than for the 
churches, in which all the world allows that 
it has been of late years applied with no 
small amount of success. 

Let us now consider as briefly as possible 
how we should meet the problems which 
in these days ordinarily present themselves 
to us in matters affecting, not the design of 
a single house, but the arrangement of 
groups of houses in cities, or the laying out 
of entirely new towns. How, for instance, 
are we to devise great public improvements 
in towns? Are we to follow the example 
recently set us in Paris, or are we to found 
our work rather upon an earlier and differ- 
ent system? The Parisian system excites, 
we confess, our strongest antipathy. We 
can see no beauty, no real dignity, no no- 
bility in the eternal sameness of such streets 
as the Rue de Rivoli, or most of the new 
Parisian streets and boulevards, nor in the 
idea which they represent, that every row 
of houses must be perfectly regular and 


of convenience or of | 


uniform in its scheme, that every square or 
| place must be uniform on all its sides, and 
that every street must be arranged as far 
as possible at right angles to its neighbors. 

This is not a Gothic system, because it is 
not a natural system, nor is it a Greek 
system or a Roman system, but simply the 
latest development of the poorest kind of 
Renaissance art. 

All good architecture has been natural in 
its growth, and a street which tells its own 
| history is always picturesque, whilst a new 
| street, made to order like Regent street, 
| Moorgate street, or the new boulevards and 
streets in Paris, is invariably tame and 
| uninteresting to a degree. We do not 
| forget the examples of medieval towns 
| built on a regular plan, such as Winchelsea, 
| Carnarvon, or the Bastides in the south- 
west of France. But these were exceptional 
cases of towns planned all at once, and 
irregularity in their case would have been 
unreal and mistaken. Even in these cases, 
however, it was only the arrangement of 
the streets that was regular; the buildings 
which lined their sides were as distinct in 
their individual character there as elsewhere. 
| If we compare the examples of modern 
streets built on the two systems, we cannot 
doubt for an instant which is to be prefer- 
red. Take, for instance, Gower street or 
Harley street, where the dull monotony of 
the houses makes it certain that were it not 
for the numbers painted on the doors their 
very owners would be as likely as not to get 
into the wrong house; and such streets as 
Brook street, or Grosvenor street, where 
every one has built his house to please 
himself, and consequently with a compara- 
tively good general effect, bald as the designs 
of the several houses are in themselves. 

In a square or place, again, unless the 
buildings are all for some perfectly similar 
purpose, there is no reason for absolute 
uniformity. Some defenders of Gothic, it is 
true, have maintained that it admits of as 
much uniformity as Classic, and quasi-Gothic 
designs have been made which are as sense- 
lessly regular and balanced in their plans 
as any of the Renaissance works of which 
we complain. But with all deference to 
their authors, theirs is an entirely erroneous 
mode of design. The Cloth Hall at Ypres, 
which is often quoted as a regular and uni- 
form Gothic building, was made so to a cer- 
tain extent (for it is most irregular in its 
general plan, owing to the shape of its site) 
solely because its arrangement and uses 
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within were absolutely uniform. The Ducal 
Palace at Venice was similarly cireumstanc- 
ed, as were all really fine buildings of the 
medieval period which are regular in their 


scheme ; and we know of no example of 


a square or place in which anything has 
been gained by the uniformity of buildings 
erected for different purposes on its various 
sides. 

Take the Piazza at Florence, and observe 
how everything is gained by the irregularity 
of the various buildings which surround it, 
each telling its own tale. Would the Pi- 
azza at Perugia be improved by making 
the magnificent Palazzo Publico a perfectly 
regular erection, or by the re-erection of the 
Pisano fountain just in the centre, and 
pulling down the Cathedral in order to erect 
another palace uniform with its neighbors 
in its place ? So, too, at Venice; is not the 
irregularity of the Church of St. Mark and 
the one-sided position of its Campanile the 
very making of the Piazza, without which 
the whole would be tame and poor in its 
effect ? The best Renaissance street, pro- 
bably, in Europe is the Strada Nuova at 
Genoa; this is narrow, irregular, and ama- 
zingly picturesque. Each of its palaces has 


some individual purpose and character, and 


its course is not straight. Out of Italy, all 
our large central spaces are comparatively 
irregular. Evenin London, so natural and 


gradual has been our growth, that most of 


our public places are fortunately somewhat 
irregular, and therefore natural in their 
shape. ‘The finest view in London, as every 
one knows, used to be that from the bottom 
of Ludgate-hill, with the winding irregular 
acclivity and the dark outline of a spire 
half way up, cutting across the west front 
of St. Paul’s in the most natural and etfec- 
tive manner. And if we leave Sir Christo- 
pher Wren’s work, and, going westward, 
stand at the upper side of ‘Trafalgar square, 
we may well ask whether we should gain 
anything by a fourth side, square and uni- 
form with the others, in place of the pic- 
turesque sweep which now leads the eye 
down to the Gothic group of steeples and 
spires which marks Sir Charles Barry’s 
great work at Westminster—work on which, 
in spite of cavillers, the World will always 
look with admiration and interest, and 
which is undoubtedly the greatest architec- 
tural group of which London can boast. 
One of the best streets in England is the 
High street at Oxford; yet it varies in 
width, is on acurve, and is entirely irreg- 





ular in the arrangement of all its archi- 
tectural attractions. On the other hand, 
the latest attempt on a large scale on the 
Parisian model is to be seen at Cologne, 
where they have bridged the Rhine exactly 
to the east of the Cathedral, leaving it the 
centre of a great Place, and anything more 
lamentable in its effect, and yet more ob- 
viously the result of a painful effort, can 
scarcely be conceived. 

In truth, all these examples are eviden- 
ces of the charm of natural irregularity, 
even in the most important and central po- 
sitions of great cities; and they lead to the 
observation that in grouping of public, just 
as much as in the arrangement of private, 
buildings, in ninety-nine cases out of a hun- 
dred it will be most inconvenient to attempt 
any great degree of uniformity. So an 
arrangement which brings out the individual 
uses and peculiarities of each house in a 
street, as far as possible, is surely much 
better than the modern system of driving 
herds of people into a succession of similar 
houses, as though they were so many ma- 
chines incapable of separate or original 
wishes or actions, and properly dealt with, 
as one is nowadays in a great hotel, by 
being ticketed and numbered till almost ail 
sense of personal identity is lost. 

In a large public building the same ar- 
gument is soundly applied. If the arrange- 
ment of the interior allows of perfect regu- 
larity without inconvenience or effort, and 
with due regard to the propriety of letting 
every part tell its use by its decorations and 
design, there is no objection whatever to 
uniformity. The nave of a Gothic cathe- 
dral is evidence that there is nothing in 
such uniformity contrary to the Gothic spir- 
it; but directly these conditions are not ob- 
served, uniformity is a crime, and the vers 
men who built the regular cathedral nave 
have surrounded it with a group of subor- 
dinate buildings, the Chapter House, the 
Cloister, the Refectory, the Dormitory, the 
Bishop’s Palace, the Vicar’s Close, the gate- 
ways, and the enclosing walls, each one of 
which was designed with absolute freedom 
from the bonds of regularity, and with a 
sole eye to usefulness and appropriateness. 
It is notorious that when a regular outline 
is adopted for a building, it seldom hap- 
pens that the internal arrangements allow 
properly of all the windows and doors heing 
equidistant, and of equal size. True and 
reasonable uniformity consists in making 
the main lines of a building, the cornices, 
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the string courses, the roof lines, the gene- 
ral detail of the windows, harmonize, with- 
out doubting for an instant about the power 
of breaking this uniformity, wherever it is 
possible by so doing to give emphasis to the 
more important, or to withdraw attention 
from the less important, portions of a build- 
ing. If a public office is to be built for 
500 clerks, all equally insignificant, by ali 
means let us put them into a barrack which 
tells nothing about them to any one; but if 
it is to contain a Secretary of State, Assist- 
ant Secretaries of State, grand staircases, 
inferior staircases, grand public entrances, 
and small private doors, by all means let us 
follow the old example, and show as many 
as possible of these facts clearly on its face. 
Unless it does so it is a huge sham; and, 
whether its detail is Gothic or not, the re- 
sult must be bad, because unreal, and not 
instinct with any true artistic spirit. This 
protest against the attempt which is now 
sometimes made to disarm the hostility of 
the Renaissance school, by adopting the 
worst feature of their mode of design, ap- 
pears to be very necessary, and we are the 
more disposed to make it, because it cannot 
be doubted that the true solution of the 


hostility which has been shown in some 
quarters to the designs for the largest build- 
ing of this day—the New Courts of Justice 
—is almost entirely, if not altogether, due 
to the determination which has been shown 
to carry out the real principles of Gothic 
building as distinguished from Renaissance 


throughout the design. Sir Charles Barry, 
naturally enough—looking to his education 
and his taste tor Italian architecture—de- 
signed an Italian building for the Houses 
of Parliament, and clothed it everywhere 
with Gothic detail. The only way in which 
his design has been saved from failure and 
tameness, is by the happy inspiration which 
led him to the picturesque grouping of the 
towers and turrets, which, when seen from 
the Thames Embankment, or Trafalgar 
square, compose as beautifully as can be 
desired; and we know not where it would 
be possible to point out a happier example 
of one of the great gains in such cities as 
our own from the adoption of Gothic archi- 
tecture than in the variety and beauty of 
their general effect, owing to the infinite 
variety of sky-line, for which they always 
afford opportunities. 
the Institute of Architects, and distinguished 


architectural student—Mr. Beresford Hope | 


—has often and at much length descanted 
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on this subject; and it is sufficient for our 
purpose to point out how very much such 
an outline as that of the Houses of Parlia- 
ment effects for the general aspect of Lon- 
don, when compared with our other public 
buildings in the classic or Renaissance style, 
such, é. g., as the Post Office, the British 
Museum, the National Gallery, or Somerset 
House, whose only effect is one to be seen 
from the very streets themselves in which 
they are erected. 

After the Houses of Parliament, the next 
great opportunity of a public building was 
the proposal to erect the Foreign and War 
Offices. Lord Palmerston’s ignorant preju- 
dice against all Gothic buildings—indulged 
the more vehemently, because at the mo- 
ment all substantial power in matters of 
State was slipping out of his hands—pre- 
vented the carrying out of Mr. Scott’s de- 
sign for this building. This was a very 
real subject of complaint and regret, in 
spite of the feeling entertained by some 
that the design was conceived to some ex- 
tent upon the principles which Barry had 
adopted in the Houses of Parliament, though 
wrought out with Mr. Scott’s usual fertility 
of invention and taste. 

The Courts of Justice are the third great 
opportunity, and we rejoice that all the 
competing architects gave in their adhesion 
to Gothic as the only praetical style in mak- 
ing their designs, and that the opportunity 
is afforded of acting in the construction of 
the building on the principles on which 
alone, as we have shown, all good Gothic 
buildings in all times have been designed. 
The component parts of such a building are 
not very many, but they are diverse. There 
is of necessity a collection of Courts of Jus- 
tice round a Central Hall; there is of ne- 
cessity a vast number of rooms of varying 
importance for Judges, officers of the courts, 
and mere clerks. Finally, there is a broad 
distinction between Courts properly so called, 
and their belongings, and the legal offices. 
If the principles which we have attempted 
to lay down have any truth whatever, then 
undoubtedly al! these varying rooms and 
chambers ought, as far as possible, to be 
distinctly and intelligibly treated and dif- 
ferenced in the actual building. And it is, 
as we believe, because this has been at- 
tempted in the design, because in so doing 
popular traditions and modern customs have 
been rudely opposed, that the architect and 
his design have been so heartily attacked by 
some of his brother architects. 
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By C. W. MERRIFIELD, Esq, F.R.S. 


From the “ Journal of the Society of Arts,” 


The only submarine attacks upon vessels 
which are as yet known to be effective, are 
those of the ram and the torpedo. Subma- 
rine gunnery has not yet attained a practi- 


cal form, except in the restricted shape of | 


plunging fire from flat-headed projectiles. 
The object of the present paper has almost 
exclusive reference to torpedo attack. 

I may state at the outset, that no vessel 
can receive with impunity the effective ap- 
plication of a torpedo of very large size. 
The work of destroying the floating capacity 
of a ship is out of all proportion small as 
compared with the work which it is possible 
to store in a submarine explosive of large 
size; and provided always that this stored 
work can be applied with certainty and effi- 
ciency, there is no alternative to the destruc- 
tion of the vessel. 

Nevertheless torpedoes must be encoun- 
tered, and our task is to ascertain the con- 
ditions under which we are likely to encoun- 
ter them, and what expedients we must 


adopt in order to receive the smallest possi- 
ble amount of damage from their destruc- 
tive power. 

Hasty conclusions have been stated, to the 
effect that, since armor-plated sides are no 
protection against an explosion taking place | 
under a ship’s bottom, therefore armor- | 


plating must either be abandoned altogether, 
or extended to the bottom of ships. Either 
alternative is fallacious. We will deal with 
the second later. With reference to the 
first, that armor-plating must be abandoned, 


it is sufficient to consider what the ordinary 


use of torpedoes must be, to see the error 
which underlies it. For torpedoes used by 
ships at sea, the armor-plated ship will al- 

rays have the same advantage as it has 


without the torpedo, in being able toreceive | 


with impunity the cannonade from its adver- 


sary. An unarmored ship might certainly | 


render pursuit difficult by dropping torpe- 
does in her wake ; but she could not venture 
to attack an armored and strongly-armed 
ship by means of movable torpedoes—for 
she would be destroyed by the fire of her 
enemy, if she ventured within any reasona- 


ship has the same preponderance of efficien- 
cy with the torpedoes as without them. 

If the torpedo be moored for the protection 
of ports and estuaries, and the obstruction of 
sounds and channels, I observe that it is the 
| business of the attacking fleet to remove 

these obstructions. To prevent this removal, 
|it is generally admitted to be necessary that 
| the line of torpedoes should be enfiladed by 
{coast batteries. Here again the armor- 
|plated ship has the same advantage as 
| without the use of torpedoes. 
| It is true that, with very large and very 
| efficient torpedoes, in a place well calculated 
for their use, and supported by very heavy 
and well-protected batteries, a channel can 
| be made absolutely impervious to a fleet. 
But these conditions must be very heavily 
| paid for, and no nation has such resources 
as to be able to expend them at every point ; 
| nor even, if wealth did not fail, would there 
|be time to place and replace them every- 
| where when needed. A great point is gain- 
|ed in warfare, when you reduce your enemy 
|to the alternative of using overpowering 
force, or of abandoning his object. 

Conceding, then, that there may be an 

irresistible torpedo attack, but observing 
that this is the exceptional case which we 
cannot provide against, and not the general 
|case which we may attempt to meet, it re- 
mains to be considered what must be the 
type and what the structure of the vessel 
best calculated to evade torpedo attack, and 
| to receive, without vital injury, the attack of 
torpedoes of moderate size. 

The avoidance of the torpedoes themselves 
| is mainly a tactical question. Nevertheless it 
largely affects naval design, especially in the 
type of construction. Other things being 
alike, a small, handy vessel, with high speed 
and shallow draught, will avoid torpedoes 
better than a large ship, or than one of in- 
| ferior speed or inferior power of evolution. 
| That is evident, even when both ships have 
|to run the gauntlet of a line of torpedoes. 
| But the small ship of light draught has the 
| command of many more channels, and many 
}more parts of broad channels, than the lar- 


ble range for the use of her torpedo attack. | ger craft, and will thus put the landward 
I do not say this mode of attack is an effi- | power to a far larger expenditure of these 
cient one; but simply that the armor-plated ' instruments for the protection of its coasts. 
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The destruction of the smaller vessel by 
a torpedo will also be a less expenditure of 
life and material than that of the larger 
ship. It is true that if she runs foul of one, 
the smaller vessel is the more likely of the 
two to be sunk, and that is a set-off 
against her facility of avoiding them; but 
there still remains an advantage in favor of 
distribution in small ships rather than of 
concentration in a few large ships. There 
is, of course, a limit to the distribution, as 
there is also to the possible concentration. 

The principle of subdivision is one of the 
most effective means of meeting submarine 
attack; subdivision from large ships to 
small ships, within certain limits, and for 
certain purposes ; and subdivision of large 
ships into small compartments, where size 
cannot be advantageously reduced. Cellular 
subdivision should be carried out where pos- 
sible. 

It is worth while to point out that the 
partition of a ship by bulkheads does not 
necessarily mean cellular subdivision. A 
cell is a chamber which can be completely 
closed, and must therefore have a tight roof, 
as well as floor and walls. This is of espe- 
cial importance in torpedo warfare, for it is 
very desirable to have the power of expel- 
ling the water after it has gained admission. 
In a closed cell, this is easily effected by 
forcing in air from the top, provided that 
the wound be low down in the cell. I do 
not claim the credit of this idea. It was 
suggested by a paper read before this Insti- 
tution by Admiral Sir E. Belcher, in 1865.* 

There are great difficulties in applying 
this principle of subdivision to the engine 
and boiler rooms—perhaps insuperable diffi- 
culties. I must content myself with point- 
ing out the general advantage in this re- 
spect of the system of subdivision, and the 
necessity of placing as far out of reach as 
possible those portions of the ship to which 
it cannot be applied. 

I find, however, that I am not singular in 
the belief that the whole system of the ma- 
rine engine in ships of war is in need of a 
thorough revolution. I have no pretension 
to guide this revolution—I have neither the 
inventive genius nor the needful preliminary 
knowledge for it. Others, better qualified 
than myself to speak on these matters, have 
called attention to the unwieldy size and 
structural weakness of the cylinders—to our 
boiler rooms of enormous size, yet still cramp- 





* See his paper on “‘ The Construction of Armor-clad Ships of 
War.” -—Transactions, I.N.A., vol. vi., p. 75. 





ed for want of space; to our hot and unheal- 
thy stoke-holes ; to our barbarous method of 
stoking—barbarous in respect to cruelty, as 
well as of clumsiness. Is it too much to 
hope that the unwieldiness, as well as the 
other defects of the system may, at no dis- 
tant period, meet with a remedy ? 

Cellular subdivision is the most obvious 
and the most important principle in saving 
a ship from the consequences of local injury. 
Armor plating applied to the bottom of a 
ship is doubtless a protection against sub- 
marine gunnery (a danger we have not as 
yet to face), but it is not an efficient defence 
against torpedoes. Armor plates are mere 
slabs, imperfectly connected both with one 
another and with the ship’s structure, to the 
strength of which they contribute but very 
little, if even (all things considered) they do 
so at all. Apart from the probability of 
their being broken up by a quick-acting ex- 
plosive, like fulminate or nitro-glycerine, 
the plates, or part of them, might be driven 
home upon the ship itself, in such a way 
that their edges might sheer theskin plating 
and frames. It would, moreover, be impos- 
sible to give them any great thickness, on 
account of their weight ; for every cubic ft. 
of iron takes 7} cubic ft. of displacement to 
float it. 

Whenever we have to encounter the effect 
of violent explosions, our first object is to 
make as much as possible of the impact ex- 
pend itself in harmless directions ; our sec- 
ond, to endeavor to gain as much as possible 
the time needed to change destructive im- 
pact into mere motion. This latter is a task 
which a buffer performs in cushioning a 
blow. It gives time for the work concen- 
trated in the impact to distribute itself 
through a large mass, and thus to lose the 
intensity which is necessary to a disruptive 
or disintegrating effect. By what particular 
device we bring this about is rather a matter 
of structural convenience than of defensive 
power. The most direct method of doing it 
is, doubtless, to make the explosion take 
place at as great a distance from the vital 
part of the ship—from its inner skin—as 
possible. Experiment and theory both lead 
to the conclusion that its action varies in- 
versely as the square of the distance, and 
therefore the interposition of an increasing 
distance very soon eonverts its destructive 
effect into a mere propulsion of the ship. If 
it were possible to keep off the torpedo from 
actual contact with the ship, by any device, 
like the spines of a hedgehog, or a wire 
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shield outrigged, small torpedoes would hurt 
her but little. For various reasons these 
particular devices are out of the question, 
and I only mention them as showing a 
theoretical principle which we should keep 
in view. 

For particular service, when it is the de- 
liberate intention to make a ship force a line 
of torpedoes it may be worth while to make 


the sacrifice of speed, and to outrig either | 


common rope netting or wire netting, at a 
very considerable distance from the ship’s 
bottom. As this netting may be outrigged 
to a distance of 6 or 8 ft. from the ship’s 
skin I do not doubt that this is the best 
method of meeting a line of torpedoes where 
such a line is known to exist. But the ter- 
rible impediment which it offers to speed 
and handiness makes it unpractical, when 
the object is, on the one hand, to cruise at 
the risk of meeting torpedoes ; or, on the 
other hand, to be serviceable for manoeuvring 
after getting through them. 

These considerations have suggested to me 
a device which (although not wholly satis- 
factory to my own mind) appears to me far 
superior to that of putting armor-plate on 
the bottom of a ship. It is as follows :— 
Let your ship have three skins, each divided 
into cellular spaces of moderate size,* the 
middle skin representing what is now the 
outer skin of an ordinary double-plated ship, 
like the Hercules or the Audacious—the cells 
perhaps somewhat smaller, and each with a 
man-hole fitted air-tight in the inner skin, 
and also with a pipe having a stop-cock and 
union collar opening into the upper corner 
of it. The space between the outer and 
inner skins is also to be divided into cells, 
the frames and longitudinals composing 
which should break joint with those between 
the middle and inner skins. Water is to be 
freely admitted between the middle and 
outer skins. The middle skin is to be de- 
liberately weakened near the bottom of each 
inner cell. 

I expect the plan to work as follows :—A 
torpedo explodes against the outer skin at 
t, the compartment, m n, being full of wat- 
er, and, with the outer surface, £ F, under 
violent pressure, must relieve itself through 
the middle skin. This is weakest at n 4a, 
and will therefore give way there. The 
torpedo will therefore have the work to do 





| and bursting the inner skin, m «G, but also 
|of getting the water out of m Nn into, 4, 
| against the cushion of air which the: latter 
| contains. I should think this would exhaust 
the work sufficiently to save the inner skin 
from vital injury, unless the torpedo was 
very powerful indeed. Then, if many cells 
were wounded, the cocks, k, would come into 
play; air would be forced into them, and 
would expel the water down to the level, . 

The frames and longitudinals between the 
middle and outer skins should be rounded, 
or dished, so as not to transmit a blow to 
the middle skin. The edges at which they 
meet should be joined with a covering piece 
of sheet-iron of half their own thickness, 
which would break up easily, and thus pre- 
vent the cell from behaving like a buckle- 
plate. The man-hole yn’ would serve to take 
ashore for docking. I owe this very im- 
portant practical suggestion to Mr. W. C. 
Unwin. 

Without having too much faith in my 
own project, 1 prefer it very decidedly to 
armor-plating the bottom. 1 certainly add 
| to the size of the ship, and I therefore re- 
| quire more propelling power. I also add to 
| the weight, to the extent of the quantity 
| required for all that is outside the middle 
iskin. But this is not comparable to the 

weight of armor-plating, the water between 
| the middle and outer skins have no weight 
| in water, and therefore requiring no displace- 
| ment beyond that of its own bulk to support 
lit. Of course, the device is not applicable 
| to small craft. 

I wish to repeat that I have not written 
my paper to bring forward this project, but 
that the project occurred to me in the task 
which I had set myself, of considering what 
would be the probable effect of torpedoes on 
the construction of war-ships. 

As regards quantities of scantlings, I do 
not consider myself in a condition to decide 
upon these points until I have before me 
the results of more experiments than have 
yet been tried, or at least published. There 
is no difficulty in calculating, with more or 
less exactness, the mechanical work due to 
the explosion of a certain quantity of gun- 
powder under certain circumstances. But 
when we want to know, not the total work, 
but the destructive impact under the influ- 








ence of circumstances which have not yet 


of not only driving in the outer skin, £ F,| been experimentally studied, we are quite 


| 





*Itis an axiom of iron ship-building that no subdivision or 
cell should be so small as that a man cannot be sent into it an¢ 
reach every part of it. 


at fault. For instance, I do not at all see 
my way to answering the question whether 
it would be preferable to expend the cost of 
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protection chiefly in the thickness of the 
outer skin, or rather in its distance from the 
middle skin; still less do I know the point at 
which there is equation between these. 
Again, I have nothing to guide me as to 
whether it would be better that the cells of 
the outer skin should or should not include 
an air-cushion or a water-cushion. 

On all these points we must await actual 
experiment. I am glad to hear that experi- 
ments upon torpedoes have been undertaken, 
and I shall consider that a great part of my 
object in writing this paper has been ac- 
complished, if it has the effect of furnishing 
hints for the useful direction of such experi- 
ments. 

To return to the main subject of the pa- 
per. The introduction of the torpedo system 
greatly increases the inevitable risks of ships 
of war—that is to say, those risks which 
must be run with full knowledge of the 
hazard encountered, and even with the dis- 
tinct notion that some not inconsiderable 
loss of ships and of human life is certain to 
occur. It is, therefore, above all things 
important to reduce to a minimum the crews 
of ships of war. To crowd together more 
men upon one ship than are needed for 
working and fighting is a deliberate waste 
of our most valuable resource. 

One thing more. A large iron-clad of the 
present day is a vile place to live in. Small 
iron-clads, or even large iron-clads, divided 
into cells, will be very much worse, inso- 
much that every man will be a nuisance to his 
neighbor. With every squadron, therefore, 
we must send other ships, not fitted for fight- 





ing—an admiral’s yacht, a hospital ship, 
and a floating smithy at the least. It will 
be much cheaper to provide accommodation 
separately for these purposes, than to build 
fighting-ships to receive non-combatants. 

I believe this paper contains the first sug- 
gestion which has yet been made public for 
providing structural means of enabling a 
ship to resist torpedo attack. I regard it as 
a first step only. I think it just possible 
that, as a first step, it will be welcomed by 
my audience, partly for its own sake, but far 
rather as the harbinger of more. 

In conclusion, I wish to point out that the 
introduction of torpedo warfare has not had 
for its strategic effect the paralysis of naval 
attack. On the contrary, it has only gone 
part way to neutralize the enormous pre- 
ponderance which at one time the introduc- 
tion of steam-power and armor-plating ap- 
peared to give to an assailant. I do not 
propose to discuss details which belong to 
the military rather than to the construc- 
tive branch of our profession ; but I have 
much misunderstood our contemporary his- 
tory if I am wrong in my belief, that, tor- 
pedoes and railways notwithstanding, the 
seaward enemy is far more dangerous now 
to the landward power, than when sails and 
oars were the only means of propulsion. 
The command of the coast still follows the 
mastery of the sea. 

Nore.—It may be worth while to call at- 
tention to a plan for fishing up or cutting 
torpedo wires, which I published in the 
“Engineer” for 18th November, 1870, p. 
343. 





ON A NEW FORM 


FOR IRON-CLADS. 


By CAPTAIN JOHN WHEATLEY, R.N. 


From ‘*The Journal of the Society of Arts.” 


In Captain Colomb’s paper “ On the At- 
tack and Defence of Fleets,” read at the 
Royal United Service Institution last April, 
after showing the great loss of power of the 
gun as a weapon, he states :—‘ This seems 
to me a very startling conclusion to arrive 
at, and one which lies at the root of all con- 
struction and armament. Itis not as though 
it were certain that gun must meet gun, and 
therefore the recession was common to both 
sides of the equation, but it is that some 
other weapon or weapons are making tre- 
mendous strides, and are beating the gun 





in competition. It may mean also that the 
manner of constructing the carriage—that 
is, the ship—is at the bottom of the reces- 
sion. In any case I can conceive no more 
important subject for inquiry than whether 
my figures and deductions are correct. If 
they are, I can only express my belief that 
we are close upon a very extraordinary con- 
struction of our navy.” 

Thus, in the opinion of a most competent 
judge, of an officer who has made an especial 
study of his subject, none of our present 
ships are efficient, not one fit to cope with 





NEW FORM FOR IRON-CLADS. 


141 





the new conditions of naval warfare. The 
weapons alluded to as beating the gun 
are, first, the ship used as a ram; 
second, the torpedo; this latter, however, 


making the ram a very hazarduus mode of 


attack. 
Taking the torpedo as by far the most 
important weapon, but without excluding 
the others, it will be my endeavor to bring 
before you a form of vessel more adapted 
to the altered condition of naval warfare 
than any now extant. Formerly, broadside 
on was the mode of attack, because bringing 
the greater number of guns to bear; with 
iron-clads, presenting the broadside is their 
weakest position, as presenting the greatest 
extent of penetrable armor, and laying 
them more open to ram and torpedo attacks. 
The form of vessel of which the diagrams 
are before you, is taken from the Eastern 
type, prevalent from Egypt to Japan inclu- 
sive, and of which the Bombay cotton-boat 
is one of the best specimens; but in my 
vessel the projecting bow will be prolonged 
to a form approaching that of the cigar-ship, 
for reasons which I will explain later. Her 


extreme length is to be 300 ft.; beam 1-4th 
of length, 75 ft., enabling her to carry 14 
35-ton guns, weighing, with 


23-ton car- 


riages, $12 tons, little more than two turrets 
with their guns. These 14 guns are to be 
mounted on Captain Moncrieff’s system, 
having, without altering her position, a 
greater weight of all-round fire than any 
existing form, while exposing less vulnera- 
ble suriace, the guns being mounted in an 
oval, terminating forwards in an acute 
spherical angle. Her best mode of attack 
being stem on, she will bring eight guns 
firing ahead or astern parallel to the keel, 
the beam gun and contiguous gun firing 
alternately. The length of the major axis 
of the oval is half the extreme length, 150 
ft.; any increase of the length of the oval 
would diminish the defence by exposing « 
larger surface to an attack on the broadside, 
while any diminution would cramp the space 
for working the guns. The ketch rig gives 
a clear deck for the same purpose, and the 
lateen form of head sails tends more than 
the present form to lift the bow, ease the 
pitching motion, and so to increase the 
speed. On looking over vol. v. of your 
“Transactions,” I found that one of your 
vice-presidents, Admiral Sir Edward Belch- 


er, had proposed, in 1829, to sail an 18-gun | 


brig stern foremost and keich-rigged; so I 
trust that this proposal to carry out similar 





principles on a larger scale will obtain his 
approbation. 

The proposed beam is necessary to admit 
of a powerful battery firing ahead or astern 
in attacking or retreating, and only seems 
excessive through the size our ships have 
attained ; proportionately it is not greater 
than that of our former wooden ships. 

I now come to the long projecting bow. 
In the discussion on Captain Colomb’s sec- 
ond paper “ On the Attack and Defence of 
Fleets,” at the Royal United Service Insti- 
tution, on the 15th of January last, the 
question was asked, “‘ How would you attack 
an enemy’s fleet, supposing each ship of the 
enemy towing a Harvey torpedo on each 
side?” Itappears to me that the result, 
whether with fleets or single ships, would be 
in favor of the party giving the first hits 
with the torpedo, and that this would be 
best obtained by an outrigger of the length 
of a late first-rate’s jib-boom, about 70 it., 
with a housing of 12 or 15 ft. from the pro- 
jecting stem of my vessel. Again, this form 
of stem would tow two other torpedoes, one 
on each side, with not more than three or 
four fathoms of line, all three at the requi- 
site depth under water to secure an effective 
explosion, while the form of stem under 
water exposes less surface to an attacking 
torpedo than any ship of the present form. 
Should an enemy’s ship approach with an in- 
tention to ram, the towing torpedoes may be 
allowed to run out the line till the torpedo 
has crossed her course, and then, the break 
being applied, she will be at once destroyed. 

Vessels of this form will have greater 
buoyancy than those of the present form, 
and therefore would carry thicker armor, 
and if requiring ballast to steady her in 
rolling, it might be applied in thicker bottom 
plates; but these are subjects that specially 
belong to the naval architect. 

Another advantage of this form is, that it 
gives greater rapidity in turning, thus en- 
abling her more readily to avoid sudden at- 
tacks by ram or torpedo, and punishing the 
attempt with her stem or her guns. 

As to guns, without disputing the supe- 
riority of the rifled gun when, as on shore, 
the platform and the object are both fixed, 
at sea I should prefer the smooth-bore, 
giving the advantage of ricochet firing, where 
platform and object are both in motion, and 


|the range ever changing, and also for the 


power of using grape-shot. 
In the encounter between the Royal Sov- 
ereign and the Camel, with Harvey’s torpe- 
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does, it may be assumed that had the Royal | | At last when all were embarked, a further 
Sovereign’s 25-ton guns been smooth-bores, ‘advantage of the Japanese boats, whose 
and using grape-shot in proportion to the superior speed was already know n, was 
round shot they would throw, the Camel! manifest in the fact that all who were in 


would have been defeated on her first attack. j 
As the case now stands, this torpedo success , 


condemns the whole turret system. <A 35- 
ton gun would probably admit of an 18-in. 
bore, throwing an 800 lbs. shot; and a clus- | 
ter of grape of, say 12 7-in. 50 Ibs. shot, | 
would, with disk and rod, be of about the | 
same weight, and speedily settle any unar- 
mored or light- armored ram, gun, or ‘torpedo 
vessel venturing within range, and thus, in 


some measure, restoring some of the lost | 


power of the gun. 

According to my experiehce, every vessel | 
moving through the water, exce 
the wind, raises a sea against her in propor- 
tion to her bulk, speed, and weight. This 
is visible even in the gentle movements of 
an aquatic bird in water, elsewhere as 


smooth as a plate of glass, and in buoys and | 


piers of bridges in a tide-way. In an ac- 
count of the visit of Comodore Perry, of the 
United States Navy, to Japan, I find it sta- 
ted that ‘the heavy sea at the landing-place 
caused a long delay in embarking. . . . 





the Japanese boat arrived at the ship quite 
dry, while those in the American boats were 
| thoroughly drenched.” From this fact, I 
| put it to the consideration of naval archi- 
tects whether, seeing that ramming is hard- 
ly possible in the face of the torpedo, a total 
change i in the form of the bow of the breast- 
| work monitors to that on the principle here 
proposed might enable them to face the sea, 
which more than one example shows that 
they are now not able to do. 
| ‘To conclude. Considering that living on 
an island not producing sufficient food for 
population, our commerce is our life, that 
we could not exist in our present numbers 
| without it, a hostile fleet at sea unopposed 
; would be even more fatal than a landing on 
| our shores ; that thus the absolute necessity 
of attack is forced upon us; and that, as far 
as I am aware, no answer has been given to 
the question, How is that fleet to be attack- 
| ed with a reasonable chance of success ? it 
has been my endeavor, according to my 
ability, to show how this may be effected. 
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From ‘The Engineer.” 


Many years have elapsed since Dr. Alban 
laid down the axiom, that as it was impos- 


sible to prevent boilers from bursting, they | 


should be so designed that their explosion 
would not be dangerous. It is only within 
the last eight or ten years, however, that 
any vigorous attempt has been made—we 
shall not say to invent—but to popularize | 
the use of sectional steam generators, that | 
is to say, of boilers composed of a number 


of distinct parts or sections, any one of | 


which may burst without entailing fatal 
consequences on those near the boiier at 
the time. It is by no means an easy task | 
to design a good sectional boiler. Those | 
which look very well on paper do not al- 
ways work well in practice; and large 
numbers of boilers which promised to be 
successful have proved utter failures. 
shall not attempt just now to consider why. 
We can assert, instead, that many of the 
difficulties which have hitherto been en- 
countered in designing, constructing, and 


working sectional boilers are already over- 


We | 


| come, and that there is a fair prospect that, 
| for land stationary purposes at least, sec- 
tional steam generators will within a few 
years come into very extended use. Of the 
safety of such boilers there can be no 
page There is no recorded instance, so 
far as our knowledge extends, of a disas- 
| trous result followi ing on the explosion of a 
sectional boiler. As regards their efficien- 
ley, their economy, or their durability, we 
regret that we are unable to speak so favor- 
ably. Their imperfections and shortcom- 
ings in these respects will, however, we 
think, be remedied in time; and so, all 
things considered, we regard ‘the future of 
| the sectional boiler hé ypefully. 

|  Bacon’s well-known adage, that “expe- 
| rience is the foundation of all knowledge,” 
has been worked well-nigh to death by 
| hard service, yet we use it here because it 
embodies a truth too much neglected by 
|engineers. Of all known sciences, none 
| depend so much on the teaching of experi- 
ence as the science of mechanical construc- 
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tion. The mechanical engineer can never 
predicate anything with certainty when he 
has to deal with a new thing. We do not 
mean to assert that it is impossible to form 
a tolerably accurate estimate concerning a 
new machine or structure, but we do assert 
that it is impossible to be certain that the 
estimate will be accurate; and this state- 
ment is specially true of steam generators. 
No one can tell, when he is designing a 
boiler of a totally novel type, whether it 
will work well or not, and in no branch of 
mechanical engineering is there a greater | 
dearth of the records of the results of | 
experiments than in that branch which | 

| 


concerns itself with the design and con- 
struction of steam boilers. Scores of novel 
designs have been carried out and tested 
by experiment, it is true; but the results | 
have either been imperfectly recorded, or 
kept secret by men who did not care to | 
announce to the world that they had been 
unsuccessful. In boiler engineering, no 
one can tell what he can do till he tries. 
lt is matter for regret that the scientific 
world does not knuw more than it does 
of the results obtained by men who have 
tried. Even such particulars as we do pos- 
sess are for the most part imperfect. Those 
who supply them are almost invariably in- | 
accurate; usually because they do not know 
how to secure accuracy; sometimes because 
they deceive themselves; occasionally be- 
cause they wish to deceive the public. -‘’here 
are three great points to be attended to in | 
designing any steam boiler:—In the first | 
place, it should be safe; in the second, it 
should be economical of fuel; in the third, 
it should be efficient—in other words, it 
should steam well. That it should be 
cheap and easily repaired are scarcely sec- 
ondary conditions of success. Now, as re- 
gards Cornish, Lancashire, egg-ended, and 
multitubular boilers, nearly everything is 
known that need be known. ‘There is in- 
formation wanted on a few points concern- 
ing them, but it is not very essential infor- 
mation. As regards the sectional type of 
boilers—which will, probably, to some ex- 
tent, supersede the ordinary. fixed land 
boiler—however, there is little or no infor- 
mation in existence. Nothing, or next to 
nothing, is known about the durability, 
economy, or efficiency of almost any one of 
the six or eight varieties of sectional boiler 
now in the English and American markets. 
Thus, having put the actual position of 
affairs as regards boiler engineering—and 





sectional boiler engineering in particular— 
before our readers in what we have just 
written, we shall now proceed to supply 
such information as lies in our power con- 
cerning five different species of boiler, all of 
which are in use in the United States, 
while one, at least, is being extensively 


adopted in England. For this information 
we are indebted to the report of a commit- 
tee appointed to test steam boilers at the 
American Institute Exhibition in 1871, a 
copy of which we have recently received. 
The generators tested are known as the 
Root, the Allen, the Phleger, the Lowe, and 
the Blanchard boilers. ‘lhe first three are 
sectional boilers. The Lowe boiler is a hori- 
zontal tubular generator, while the Blanch- 
ard boiler is of the vertical fire-tube type. 
In testing the boilers, the utmost care was 
used to secure accurate results; neverthe- 
less, the experiments are not quite unex- 
ceptionable. Jaken as a whole, however, 
they constitute the most reliable investiga- 
tion into the relative merits of different 
steam boilers, particulars of which have 
yet been made public. The ordinary sys- 
tem of testing a boiler consists in filling it 
up to a certain point, marking the gauge 
glass at that point when steam is up 
to the working pressure, letting the fire 
burn down to a few embers, supplying 


it with weighed coal, and then work- 
ing the boiler for a given number of 


hours, and noting the weight of water 
pumped in and that of the coal burned. In 
the end the fire is allowed to burn down to 
a few embers, and the water is brought to 
the same level as at starting. ‘The weight 
of water pumped in, divided by the weight 
in pounds of the coal burned, gives the 
evaporative economic efficiency of the boiler. 
The weight of water evaporated per square 
foot of heating surface per hour gives its 
absolute evaporative efficiency, which, we 
need hardly say, is a very ditferent thing. 
Now, this system of test very accu- 
rate, and good in all respects but one. 
It takes no cognizance of the fact that 
a great deal of water may be primed 
out of the boiler, and not evaporated at 
all. This is a most important defect, 
inasmuch as the worse may be made to 
appear the better of two boilers. For 
example, suppose one boiler evaporates 
7 lbs. of water per pound of coal, and an- 
other evaporates but6.5 lbs., and discharges, 
as priming, 1.5 lb.; then, apparently, the 
latter boiler would be the better of the two 


is 
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in the ratio of 8 lbs. to 7 lbs., while it 
was really worse, not only because it did 
not take up so much heat as its rival from 
the fuel, but because it possessed the grave 
defect of priming heavily as well. Now, 
priming is a very subtle pnenomenon. It 
is very difficult to say whether it is or is not 
taking place when the quantity of water 
passing off with the steam is small. In 


order not only to detect the presence of 


water in the steam, but to measure the pre- 
cise quantity present, the committee whose 
proceedings we are now considering adopted 
the following plan:—A large wooden tank 
was prepared, in which was built a surface 
condenser, having about 1,100 sq. ft. 
of cooling surface. The condenser was 
made by connecting up the requisite num- 
ber of tubes, obtained trom the Root Steam 


Engine Company, the peculiar method of 
D ~~? 


connection adopted in the Root boiler afford- 
ing excellent facilities for so doing. 


ington meters into the lower part of the 
tank, and, rising among the tubes of the 
condenser, overflowed at the top. The 


steam from the boiler on trial entered the 
tubes at the top of the condenser, and the 


water of condensation flowed out at the 
lowest point. 
condensing water thus moved in opposite 
directions, and the steam was condensed 
completely with the least possible quantity 
of condensing water. ‘Thermometers were 
carefully made for the occasion by G. 
Tagliabue, and were placed as follows : One 
having a scale ranging from 30 deg. to 101 
deg. F'ahr. was placed at the inlet of the in- 
jection water, and its reading indicated the 


temperature of both feed and injection ; one | 


ranging from 100 deg. to 175 deg. Fahr., 
was placed at the mouth of the overflow 
pipe, and showed the temperature of the 
condensing water when discharged from 
the tank; one thermometer, with a range 
of from 45 deg. to175 deg. Fahr. was so 


placed as to indicate the temperature of | 


water of condensation when leaving the 
condenser. Another thermometer 
placed in the steam space of the boiler. The 


pressure of the steam was indicated by two | 


recording gauges, and the feed-water used 
was accurately weighed, 300 lbs. at a time. 
It is obvious that all the heat taken up by 
the water in the boilers, less that due to the 
radiation or conduction from the heated 
metal, must find its way under this arrange- 
went to the water in the surface condenser. 


Water | 
from the hydrants was led through Worth- | 


The currents of steam and of 


Was | 


Taking the load on the safety valve at 76 
lbs., we have a total of 1,180 units of heat 
in round numbers for every pound of steam 
sent into the surface condenser, that is to 
say, each pound of steam would raise 1,180 
Ibs. of condensing water 1 deg., or 118 lbs. of 
water 10 deg., but each pound of water 
passing away to the surface condenser un- 
evaporated would bring to the water in the 
condenser but 320 units of heat. 
Now it is very easy to determine, with 
these data before us, exactly how much a 
given weight of water going into a boiler, 
and converted into steam, ought to raise in 
temperature a given weight of water going 
into a surface condenser ; and if we find 
that the condensing water is not as hot as 
it should be, then we know that all the 
water fed into the boiler is not being con- 
| verted into steam; and, as the next step, a 
| very simple calculation will determine how 
much is evaporated and how much leaves the 
boiler as priming. When a test is carried 
{out in this way it is, with proper care, quite 
| possible to determine the amount of prim- 
|ing within a minute fraction of 1 per tent. 
of the whole weight of water fed into the 
boiler. The surface of heated water expos- 
ed by the condenser tank was very consid- 
erable, and precautions were taken to re- 
gister the exact quantity of water passing 
off by evaporation from this open surface. 
This was effected by placing a cup of water 
| in the tank, at the top of the condenser, at 
such height that the levelof the water inside 
and outside the cup were the same, noting 
the difference of temperature of the water 
in the cup and at the overflow, and the loss 
by evaporation from the cup. The amount 
of evaporation from the surface of the 
| water in the cup and in the condenser, which 
latter was exposed to the air, was consider- 
ed as approximately proportional to the 
| tension ot vapor due to their temperatures, 
| and was so taken in the estimate. In test- 
ing the boilers, steam was first raised to the 
required full working pressure with wood 
‘only. As soon as the safety valve blew off 
freely the use of coal commenced, and the 
| steam was turned into the condenser. Each 
trial lasted twelve hours, and when it was 
over, the fire on the grate was at once 
|drawn and weighed, the weight being put 
| to the credit of the boiler. 
We now come to the results obtained, 
|which admit of being very briefly stated. 
|The Root boiler, with 27 sq. ft. of grate, 


jand 876} sq. ft. of heating surface, evapo- 














rated 7.34 lbs. of water per lb. of coal; 
temperature of feed, 46 deg. The Allen 
boiler, with 321 sq. ft. of grate, and 920 
sq. ft. of heating surface, evaporated 7.38 
Ibs. of water per lb. of coal; tempera- 
ture of feed, 75} deg. There was no trace 
of priming, but, on the contrary, a slight 
superheating with both these boilers. ‘The 
Phleger boiler, with 23 sq. ft. of grate, and 
600 sq. ft. of heating surface, evaporated 
7.07 lbs. of water; feed, 45.65 deg. The 
Lowe boiler, with 373 sq. ft. of grate, and 
913 sq. ft. of heating surface, evaporated 
7.20 lbs. of water; feed, 45 deg.; and the 
Blanchard boiler, with 8} sq. ft. of grate, 
and 440 sq. ft. of heating surface, evapora- 
ted 8 Ibs. of water per lb. of coal; feed, 
44.4 deg. The last three boilers all primed 
slightly, the amount of water so leaving the 
boiler being 3.26 per cent. with the Phle- 
ger, 6.9 per cent. with the Lowe, and 3 per 
cent. with the Blanchard generators. The 
coal was of excellent quality, containing 91 
per cent. of pure carbon and 5.51 of com- 
bustible gas. 

The first fact rendered apparent by the 
foregoing figures is that not oneof the boil- 
ers tested can lay any claim to be consider- 
ed exceptionally economical. 
gave a very fair result, but none of them 
gave a better result than can be had from 
a good Lancashire boiler. Quite as good, 
if not better, results have been regularly 
obtained from small multitubular boilers, 
while, as regards vertical boilers, two of 
them could be named which, though of 
small size, are more economical. We may 
cite one presenting some features of novel- 
ty which we tested a few weeks since, and 
found to evaporate into perfectly dry steam 
as much as 9 lbs. of water from a tempera- 
ture of 41 deg. per lb. of coal; and it 
was a very little boiler, too, being only 4- 
horse power. 

We have no fault, however, to find with 
the boilers under consideration as regards 
evaporation. That is quite up to the aver- 
age of good practice in boiler engineering 
in this country. The real objection lies in the 
fact that they were one and all slow steam- 
ers. The little vertical 4-horse boiler to 
which we have just referred evaporated 
336 lbs. per hour of water with a total sur- 
face of about 75 sq. ft., or 4.48 lbs. per sq. 
ft.; and this is in nowise a remarkable rate 
of steaming. Indeed, we once watched the 
performance of two egg-ended boilers, pos- 
sessing together 450 sq. ft. of heating sur- 
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face. These boilers regularly evaporated 
120 cubic ft. of water per hour, or 16.5 lbs. 
per sq. ft. of surface. These were furnace 
boilers, however, intensely heated. An 
evaporation of 5 lbs. or 6 Ibs. of water per 
ft. of surface per hour may be taken as that 
commonly realized in ordinary practice. 
The American boilers, however, did nothing 
approaching to this. The Root boiler evap- 
orated during the trial only 2.65 lbs., the 
Allen but 3.59 lbs., the Phleger but 2.83 lbs., 
the Lowe but 3.10 lbs., and the Blanchard 
only 1.92 Ibs. of water per sq. ft. of heating 
surface. It is fair to the Root boiler to 
add that its fires were allowed to get far 
too low during a portion of the trial. From 
these figures it would appear that, for each 
effective horse-power, taking 4 lbs. of steam 
per hour as equivalent to a horse-power, 
the Root boiler would require about 15 sq. 
ft. of surface, the Allen boiler about 11 sq. 
ft., the Phleger boiler about 14 sq. ft., the 
Lowe boiler about 12.75 sq. ft., and the 
Blanchard about 21 sq. ft. Heating sur- 
face costs money, and, other things being 
equal, that boiler is cheapest which requires 
the least amount of heating surface to do a 
given amountof work. It is quite possible, 
however, that all the boilers while under 
test were worked much below their regular 
rates of steaming. If this were so, how- 
ever, it remains to be proved that the test 
accurately represents the economical effi- 
ciency of the boilers, which would probably 
be reduced if the fires were forced. On 
this point, however, we have no evidence 
whatever, and so we mustleave our readers 
to draw their own conclusions from such data 
as we have been able to place before them. 


fe whole number of acres of land which 
have as yet produced petroleum, is sta- 
ted by the Titusville “Courier” to be about 


6,50U—equal to ten square miles. This 
plot of land, constituting about one two- 
hundreth part of what is known “The 
Oil Region,” produced during the year 1871, 
5,790,000 barrels of oil, which at $4.50 per 
barrel—the average price for the year— 
reaches the snug sum of $26,055,000. The 
same region has produced since 1859, 33,- 
301,000 barrels of oil, which probably yield- 
ed not far from $160,000,000. And so far 
is this wonderful region from being exhaust- 
ed, that the value of the land is greater to- 
day than at any time since the discovery of 
oil, except during the times of the great ex- 
citement in 1865. 


as 
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MASONRY AND BRICKWORK. 


From ‘ Engineering.” 


However gigantic may be the strides with 
which engineering science has advanced dur- 
ing the last few years, it cannot be denied 
that, so far as regards the special art of 
building in masonry or brickwork, the pres- 
ent race of architects and engineers are 
feeble in conception, timid in execution, and 
but dwarfs of utter insignificance as com- 
pared with the giants of former days. 

It would be amusing, or more truly per- 
haps the reverse, to note in what manner an 
average architect or engineer of the present | 
age would deal with some of the problems 
presented to the old masters, for instance, 
such a one as that successfully solved by 
the Saracenic builder of the justly celebrated 
tomb of Mahomet at Bejapore, India, which 
was as follows: Given a building 135 ft. 
sq. on plan, and 110 ft. high, required to 
cover the same with a circular dome 124 ft. 
in diameter, and weighing some 12,000 or 
14,000 tons. It would be curious to ob- 
serve how many hundreds of tons of iron 
our men would consider it imperative to 
throw into the work. The Saracen, know- 
ing the capabilities of his material, asked 
for no ironwork, but fearlessly trusted to 
his masonry, and skilfully corbelled out the 
square walls at the top to meet and support 
the circular dome, and to such a bold ex- 


In recent times, no doubt, the introduc- 
tion of ironwork has had much to do with 
the extinction or suppression of nearly all 
that is true and expressive in the art of 
building. It is so very easy to multiply 
the span and divide by the depth, and to 
perform the other elementary operations 
incidental to the determination of the 
strength of an iron girder; and then, be- 
sides, the figures and diagrams look so 
clever as to induce in the too often shallow 
performer a glow of self-complacency, lead- 
ing him to fervently believe that an engi- 
neering feat has really been achieved. But 
if such work constituted engineering, the 
schoolmaster in the “ Deserted Village” 
would be an admirable exponent of the 
science. 

The village all confessed how much he knew, 

*T was certain he could write, and cipher too. 

Another advantage offered by ironwork 
as compared with masonry, and one to in- 
dolent or incompetent men _ peculiarly 
seductive—is that of shirking responsibility. 
With iron girders the designer may devote 
the few minutes necessary to the conven- 
tional calculations, specify iron of a given 
strength, and so rid himself lightly of any 
further sense of being responsible. But if, 
on the other hand, his first consideration is 
his client’s interest, and not his own ease, 





tent, that at the angles of the building the 
projection of the corbelling measured no 
less than 46 ft. 

How infantile appear the greatest exer- 
tions of our modern building in comparison 
with such mammoth works as these. The 
traditions of the art have been lost, and 
science has provided no substitute. Our 
professors, if they do not avoid the subject 
altogether, treat it in a perfunctory, ignotum 
per ignotius, manner, which only serves to 
make the “darkness more visible,” or the 
“ little glooming light”—which may already 
exist in the student’s mind—“ more like a 
shade.” We may be taught, for instance, 
that the line of pressure in an arch must be 
included in the middle third of its depth, or 
the arch will tumble down, and we may be 
treated to many other equally shallow dicta 
based upon hypotheses evolved from purely 
theoretical considerations, which the bare 
existence of hundreds of buildings for hun- 
dreds of years conclusively demonstrates to 
be utterly false and untenable. 


| he will often be led to discard ironwork in 
| favor of masonry, and he will find no royal 
'road to learning in that direction, but must 
| honestly and laboriously qualify himself by 
| theoretical and practical investigation, and 
| by comprehensive analyses of works already 
|executed to form a corrrect estimate of the 
capabilities of the masonry or brickwork 
with which he may be dealing, and to shape 
his design accordingly. 

Notwithstanding the eclipse which con- 
structive masonry has suffered by the ad- 
vent of ironwork, a very important part is 
still reserved for brickwork to play. The 
value of the brick dwellings and other 
structures annually erected in this country 
|far exceeds that of any other similar class 
of work, railway or otherwise. How trust- 
worthy a material brickwork is, may be 
considered self-evident, when it is remem- 
bered that amongst the hundreds of thou- 
sands of brick houses in progress or in ex- 
istence, the fall of one rarely or ever occurs 
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unless it be either very old and decayed, or 
young and green, and this, notwithstanding 
the disadvantage these structures labor under 
in being proportioned as regards strength by 
mere rule of thumb, or by no rule at all. 
Our architects have, in one small respect, 
improved upon the practice of their imme- 
diate predecessors by reason of the omission 


| cape firmly glued together into one solid 
|mass. Engineers act upon the latter theory 
| by compulsion, when dealing with concrete ; 
| but the extensive use of the latter material 
|in recent times has not made them a whit 
| less exacting in the precise arrangement of 
the spiral courses of a skew brick bridge, 
or in many other farcical niceties of a simi- 


in their buildings of that potent agent of | lar nature. 


destruction—timber bond. They have 
learnt that modern bricks and mortar can 
be made to rival in durability any material 
that the Romans employed, and that the 
alleged peculiar virtues of ancient mortar 
are mythical, or due solely to age. Good 
bricks and mortar, when once in place, re- 
quire no painting or further attention, and 


instead of deteriorating, like ironwork, | 


brickwork positively increases in strength, 


to an appreciable extent, during the course | 


of many years. In fact, so many advan- 


tages, as regards cost and durability, are | 


offered by brickwork, that the rush upon 


ironwork made by the second-rate men of 


the engineering and architectural profes- 


sions is much to be regretted, both in the | 
interests of the art of building itself, and of 


its patrons’ pockets. 
A little knowledge is proverbially dan- 
gerous. It is therefore no matter for sur- 


prise that so-called utterly ignorant country | 


builders are, as a body, more just to their 
clients than many pretentious but half-in- 
formed professionals. The absence of classi- 
fied experimental data relating to the prop- 
erties of brickwork may be urged by some 
as a valid excuse for the indifference or igno- 
rance evidenced by the latter body, but this 
argument cannot be sustained. Many ex- 
periments are not needed, for, if the eyes 
be but kept open, the thousands of houses 
which are continually being run up by 
speculative builders, with their numerous 
small but suggestive defects, readily trace- 
able to defective design or materials, or to 
both conjoined, furnish the thoughtful ob- 
server with data for generalization of far 
greater value than could be obtained from 
the most elaborate series of experiments. 
Looking broadly at the respective prac- 
tices of engineers and builders when deal- 
ing with brickwork, it may be said that 
engineers, in their calculations, treat their 


bricks as so many Lilliputian blocks of 


stone piled upon each other, and kept in 
place solely by the action of gravity, whilst 
builders, on the other hand, treat them as 
so many blocks of more or less irregular 


| The daily personal experience .of practi- 
cal builders has formed the basis of their 
| theory, and they know the conditions to be 
complied with in order to insure success. 
| Brickwork laid in irregular courses, arches 
with theoretically inadequate abutments, 
| and concrete structures of any class, will 
tumble down if not sustained by extrane- 
ous aid when young and green, and yet a 
| few days or a few months later they may 
'be possessed of a surplusage of power to 
undertake any duty which may be imposed 
'upon them. Builders know this truth, and 
act upon it; hence it is that in so many 
|cases where an engineer would introduce 
|ironwork, the builder simply substitutes 
sound cement for his ordinary mortar. 

| Few things can be more instructive to an 
jearnest student of constructive art than to 
inote the various shifts and contrivances 
practised by a speculative builder in carry- 
ing out such a work, for instance, as a row 
of shops, when conditions of a pecuniary 
inature necessitate everything being cut 
| down to the lowest margin of strength that 
his experience can justify. The whole 
front of the buildings, for some hundreds 
of feet perhaps in length, will be carried 
upon a series of light timber brestsummers, 
resting at each end for a iength of 4 in. 
| upon the party walls, and propped up tem- 
| porarily at some intermediate point by a 
thin story post, which has sprung very prob- 
ably 2 in. or more at the centre, in conse- 


| ‘ . 
| quence of the excessive weight thrown upon 


it by the green brickwork. At the corner 
the building will present the fearful and 
wonderful appearance of a house built upon 
a Brobdignagian kitchcn table, and only 
prevented from plunging off the table to its 
own destruction by the gentle persuasion of 
a couple of slight raking struts temporarily 
fixed at the angles. So appears the row of 
buildings for some months, whilst the inter- 
nal finishings are in progress, and then 
comes the time for the striking of the struts 
and the setting up of story posts, to be fol- 
lowed by the putting in of shop fronts and 
| the general polishing up of the exterior, 
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when the building presents the appearance 
of those to which the public are accustomed, 
into which they enter, and in which they 
dance about without the slightest trepida- 
tion or suspicion of ever so small a risk. 
Now, if this model row of shops were 
submitted for report to an average young 
engineer fresh from King’s College, he 
would conclusively demonstrate to his own 
satisfaction that the building could never 
stand; that the brestsummers were loaded 
nearly up to, or perhaps even beyond, the 
breaking weight; that the bearings at the 
ends, instead of being mere ledges of 4 in., 
should be broad and substantial bed plates ; 
and that by reason of the unequal strains 
induced by the weight of the entire front of 
the house, together with that of the floors 


and roof resting upon it, being thrown upon | 


the extreme verge of the party walls, the 
brickwork at those points would encounter 
strains which it is utterly incapable success- 
fully to resist. The building does not come 
down, but our young friend will simply dis- 
claim any responsibility for the inexcusable 


The elements of reconciliation will be 
found in the fact that brickwork is pos- 
sessed of many valuable attributes which 
are taken advantage of by the builder, but 
are ignored by the engineer in his calcula- 
tions, although not unfrequently they gen- 
erously come to his aid, and save his credit 
in cases where he has hopelessly blundered 
even in the application of his own theory. 
The modern class of builders have arrived 
at their present position by a tentative pro- 
cess. At one time, a so-termed brick house 
consisted in reality of a self-sustaining tim- 
ber framework filled in with brick panels, 
and at a more recent period bond timbers 
were introduced wherever the fancy of the 
architect dictated. The superstition that 
these bond timbers performed an essential 
function would appear to enjoy a flickering 
| existence even at the present time, for in 
one of the most recent and important addi- 
tions to railway works in the metropolis, 
| hoop-iron bond was extensively introduced 
|in almost every conceivable position—for 
' instance, in courses parallel to the abut- 





conduct of the building in that respect, and, | ments throughout the entire length of the 
proudly conscious of the immutability of! arches, although they might be so long as 


mathematical laws, and of his own profi-| to resemble a tunnel. ‘This, happily, is ra- 
ciency therein, will content himself with! ther a unique specimen of railway practice, 








reasserting his theorem that the building | 


ought to fall. This conclusion is, of course, 
essentially indolent and unscientific; the 
truly scientific course to adopt would be to 
endeavor, by a process of induction, to ree- 
oncile the apparent discrepancy between 
theory and practice. 


but it serves well to illustrate the direction 
in which engineers commonly err in their 
| estimate of the capabilities of brickwork. 

The subject of which we have been 
| speaking is a most important one, and 
we intend to have more to say upon it 
; Shortly. 


ON THE PROTECTION OF VESSELS AGAINST TORPEDOES.* 


From the “ Journal of the Society of Arts.” 


The damage caused by torpedoes and guns 
to the immersed portion of the hull of a 
man-of-war is already well known, and with 
the progress of artillery science this damage 
will always tend to increase. With the 
present system of construction, the whole 
surface of the ship’s body below the water- 
line, or rather below the armor-plates, is 
defenceless, and for this reason I consider 
it the duty of every technical man to en- 
deavor to devise some remedy against tor- 
pedoes and submarine guns. 





* By Herr J. N. Morratas, Chief Engineer, Austrian Navy, 
and Permanent Member of the Imperial and Royal Shipbuild- 
ing Commission at Trieste. 


With this view, I made some trials on a 
small scale some years ago, and, subse- 
quently to these, trials on a large scale took 
place at Shoeburyness, with cotton and cork, 
| though not with the ingredients hereinafter 
| described. My paper to-day is intended asa 
hint towards further experiments. For this 
purpose I have got out Fig. 1, showing how 
old ships may be protected, and if a good 
result be obtained, it will be known how to 
protect good ones. 

I have taken wood as the building mate- 
rial, because I consider that wood treated 
with tar steam in an apparatus patented by 
Mr. T. Rosthorn, whereby the saturation is 
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not merely superficial, but penetrates into 
the very heart of the wood, will be much 
used in the future. 

It is known that men-of-war built of iron, 
laying sometimes several months continu- 
ously in a harbor without being moved, 
become weakened on account of the gal- 
vanic action set up in the large metallic 
surface bathed in sea-water. This weak- 
ness is very dangerous to iron ships as re- 
gards torpedoes and other shocks under 
water. 

The protection referred to consists of a 
second armor, composed of various sections, 
a, a, a, fixed with bolts to the ship’s hull, 
and constructed of tinned sheet iron, riveted 
together with angle irons, and filled in with 
cork shavings and hydraulic chalk, mixed 
with silicate of soda* (in German, wasser- 
glas). This filling gets dry in a short time. 
The greater carrying capability of such a 
double-armored ship admits of strengthen- 
ing the hull by continuing the iron armor, 
b, 6, b, by comparatively strong sheet-iron 
plates, ¢, ¢, ¢, riveted together, as shown in 
the diagram. The filling also, on account 


of its ductility, decreases the destructive 
effects of projectiles or of torpedoes, as the 
velocity of the projectile diminishes in pass- 
ing through this mass, so that it cannot act 
with its full power on the iron armor plates, 
and the ship is, of course, saved from great 
damage, and consequently from immediate 
sinking, while a possibility is afforded of 
repairing the damage in the nearest harbor. 
The holes caused by repeated shots striking 
this armor can easily be repaired, both in 
the ship’s hull and in the iron armor plates, 
and the damaged sections can be replaced 
by new ones. 

In addition to the great advantage of a 
ship’s being enabled to carry very heavy 
guns by the adoption of this mode of pro- 
tection, there is another, viz., that the inter- 
nal shape may be any that best accommo- 
dates the machinery and artillery, while a 
suitable external form for a high rate of 
speed can be given by the surface of the 
protecting armor. In order not to dimin- 
ish the ship’s speed, the engine power must, 
of course, be in proportion to the increase 
in the area of the transverse section. 


FROM PIG TO PUDDLED BAR. 


From “ The Engineer.” 


The mechanician and the chemist have 
for many years found in the manufacture 
of iron an attractive subject for investiga- 
tion; and their investigations have been 
followed by an almost unparalleled number 
of inventions for simplifying, cheapening, 
or improving the various processes by which 
ore or “mine” is converted into pig, and pig 
into puddled bar or wrought iron. A very 
large proportion of these inventions has 
proved unsuccessful in practice, and we 
think the reason is not difficult to find. 
Simple as may appear the processes of smelt- 
ing the ore or puddling the resulting pig 
to those possessing but a superficial knowl- 
edge of the subject, it is certain that these 
operations are in no small degree recondite 
and complex, especially in the chemical 
reactions which take place in the blast and 
the puddling furnace. With the former we 
have for the moment nothing to do, and we 
shall therefore confine our attention solely 
to the process of converting pig iron into 


puddied bar. With the general features of | 
eiarnesremonvent tion vote gene | wrought iron. The labor of inventors has 
_ hitherto been devoted to two distinct objects. 


* Ransome’s apparatus for making wasserglas. ‘‘Technolo- 
giste,” 1857, p. 867. 


this process every one of our readers is no 
doubt familiar. The iron must first be melt- 
ed, and while melted it must be exposed 
to the action of some agent which will re- 
move the carbon, and, if possible, the phos- 
phorus and sulphur with which to a greater 
or smaller extent nearly all brands of cast 
iron are contaminated. Practically, the only 
available agent is oxygen. This easily lays 
hold of the carbon in the iron at high tempe- 
ratures and burns it out. The removal of 
sulphur and phosphorus is infinitely more 
difficult, because of the remarkable affinity 
these elements possess for iron. It is for- 
tunate, that whereas we cannot have 
wrought iron at all if more than a very 
small percentage of carbon is present, we 
can have fairly good wrought iron, useful 
for many purposes, even though none of 
the phosphorus or sulphur orginally in the 
pig be eliminated. It is not too much to 
say, that if it were as difficult to get rid of 
the carbon as it is to get rid of the other 
two elements, we should have little or no 
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The first is to simplify and improve upon 
the methods ordinarily practised for getting 
rid of carbon; and the second is to devise 
means by which the phosphorus and sul- 
phur can be disposed of. Under the first 
head may be ranked the Bessemer process, 
and the various systems of mechanical 
puddling which have been invented and 
tried with varying success. The principal 
object sought to be attained has been to dis- 
pense with or to lessen the labor of the 
puddler. No process exists which will give 
as good a result as regards quality as the 
old system of puddling when carried out in 
perfection, but the labor and cost of the 
process are excessive, and might be reduced 
‘with enormous advantage to the iron trade ; 
consequently we have a distinct class of in- 
ventors, such as Menelaus and Danks, all 
working to this end. As regards the eli- 
mination of phosphorus and sulphur, totally 
different methods of manufacture are re- 
quired; to remove carbon cheaply and 
quickly, has become the task of the mechani- 
cal engineer; to eliminate sulphur, phos- 
phorus, and silicon we must resort for assis- 
tance to the chemist. As the affinity of 
these hurtful elements for iron is too great 
to prevent their removal by oxygen alone, 
we must bring them into contact with some 
other element which, under a high tem- 
perature, will combine with and remove 
them. Chemists are acquainted with many 
such substances. Among the most impor- 
tant are the halogens :—Chlorine, fluorine, 
and bromine. These, if properly used 
under the requisite conditions, will probably 
do all we want done. The principal diffi- 
culty lies in securing the conditions. A 
class of inventors has been called into 
existence by this fact, whose entire exer- 
tions are devoted to devising the best means 
of utilizing the chemical forces which we 
know are available for the purification of 
iron. Hitherto these gentlemen have met 
with‘very doubtful success. They are known 
in the iron trade as “ physickers,” because 
they introduce into the furnace what pud- 
dlers call “ physick ”’—that is to say, some 
chemical including in its composition chlor- 
ine, bromine, or iodine. The most recent 
inventions in this direction come from the 

TInited States. Not long since we gave in 
detail the results of experiments carried out 
in our presence at the works of Sir John 
Brown and Co., Sheffield, by Mr. Sherman, 
of New York; and about the same time Mr. 
Henderson, another American gentleman, 
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| 
| was attracting a good deal of attention by 
| another process having the same object in 


| view, but carried out in a different way. 
|The essential nature of the Sherman and 
| Henderson processes is the same; but 
| whereas Mr. Sherman elects to use iodine, 
Mr. Henderson has chosen fluorine. Mr. 
Sherman carries his chemical compounds in 
his waistcoat pocket, but Mr. Henderson 
brings his to the works incasks. We shall 
not further refer to the Sherman process. 
Mr. Henderson, however, has been for some 
time in England experimenting at various 
works, and as his process really appears to 
possess a good deal of promise we shall 
| place our readers in possession of the re- 
| sults of our own somewhat limited acquain- 
| tance with its practical working. We be- 
| lieve that we were the first in England to 
| give a detailed account of Mr. Henderson’s 
| views, and we must refer such of our read- 
|ers as desire to master the whole subject 
| to our impression for Feb. 17th, 1871. We 
| shall now record the result of two experi- 
| ments made by the courtesy of Mr. Jeavons 
of the Millwall Lronworks, at Millwall, on 
Tuesday last. 
There is at present but one puddling 
| furnace at the Millwall Ironworks—which 
have come into Mr. Jeavons’ possession 
| within a comparatively recent period—a new 
| forge being now in course of erection. This 
| puddling furnace delivers the products of 
|combustion straight into a lofty stack, and 
|is of very good construction, with the ex- 
| ception that the grate is rather too large in 
| our opinion for economical working. How- 
| ever, this, as regards the make of iron, is an 
|error on the right side. When we arriv- 
|ed, at about half-past 11 a. m., we found 
| the furnace lit up and hot; the bottom was 
lof cinder. We cannot better describe the 
experiments than in the form of a diary. 
At 11.52. m. the puddlers began to fettle 
with ground hematite; when the fettling 
| was so far complete, half a dozen shovel- 
fuls of mill scale were thrown in. The 
“ physick” was then introduced ; it con- 
sisted of 152 Ibs. of ilmenite, and 56 Ibs. of 
| fluor spar, ground to a very fine powder and 
| intimately mixed. As soon as this powder 
| had been evenly distributed over the hearth, 
| four pieces of thin board were laid with a 
| peel on the powder, and on these the pig 
|iron was charged as quickly as possible. 
The board is intended to prevent the distur- 
bance of the chemical compound. The 
charge consisted of 4 ewt. of very grey, Car- 
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ron No. 4, pig. The operation of charging 
ended at 12.14 rp. w., when the door was 
closed and firing up began. At 1.14 Pp. m. 
the iron—which was not touched in any 
way—was all melted. Up to this time the 
furnace had worked very cold, which ac- 
counts for the delay in the melting, but 


during the rest of the process there was | 


nothing to complain of on this score. At 
1.20 a few small pieces of pig remained un- 
melted, but in the larger portion of the 
hearth a sensible reaction had set in; at 1.32 


the whole was boiling quietly ; at 1.42 the | 


iron had risen a little; at 1.50 it boiled 
freely; at 2.14 the boiling was less rapid; 
at 2.47 there was no change; at 2.5% all the 
reaction appeared to be over, and Mr. 
Henderson reluctantly resorted to the aid 
of the puddler. As soon as the iron was 
stirred it rose rapidly, and came quickly to 
nature. But it was discovered almost the 
moment that the rabble was introduced that 
a cake of wrought iron lay on the bottom 
of the furnace, and it was not until 3.48, 
after excessive trouble, that two small balls 
were got out and taken to the hammer. A 
third ball weighing about 20 Ibs. was af- 
terwards got out with the aid of a bar and 
sled; e. It will be seen that, from the time 


the iron was melted till the first balls were | 


drawn, not less than 2 hours 28 minutes 
elapsed. Ordinarily the charge would have 
been all drawn in about 1 hour 40 minutes 
from the time of putting in the pig. The 
consumption of coal was, of course, very 
large, and the yield of iron very low. The 
balls worked well 
in the rolls; when broken an examination 
of the grain was sufficient to show that Mr. 
Henderson had not made wrought iron, but 
puddled steel; so far the process was a 
failure. This the inventor attributed to the 
fact that the furnace had worked too cold. 
At 4.10 p. mw. the operation of charging 
a second heat commenced. This time Mr. 
Henderson abandoned the use of ilmenite, 
which is intended to carry off phosphorus 
as vapor, and used 56 lbs. fluor spar 
intimately mixed with 56 Ibs. of old fire- 
brick ground to a fine powder. The charge 
consisted as before of 4 ewt. of Carron No. 
4+pig. At 4.15 it was allin and the door 
dropped ; at 5.25 it was all melted, and 
began to boil strongly. This condition re- 
mained unchanged, the furnace working 
excessively hot—the damper being full 
open, and the firing vigorous—until 5.55, 
when the iron rose and boiled over at the 


under the hammer and | 


puddling hole, a large proportion of the 
| cinder being thus wasted. The metal came 
| to nature immediately, and the operation of 
| balling commenced. As in the first ex- 
periment, so now, the operation was effected 
| with difficulty, the iron adhering strongly 
to the bottom of the furnace; so strongly, 
indeed, that to get out the last of it a sledge 
and bar was needed, and the furnace was 
| not finally cleared and the cinder tapped off 
| till 6.46. The two balls got out worked 
fairly, under the hammer, but they required 
much management. Mr. Jeavons could not 
roll them otf that night, but they were roll- 
ed off on Wednesday, we believe, and 
| samples will be sent to Mr. Kirkaldy to be 
tested. 
For the present we prefer to make little 
'or no comment on the Henderson process. 
| Its inventor has proved that in the ordinary 
| puddling furnace he can make puddled steel 
| without the aid of the rabble ; but it is cer- 
|tain that in our presence he achieved 
|none of the remarkable results we were 
| promised by some of our contemporaries. 
| It is evident, however, that Mr. Henderson 
would have done very much better if he had 
permitted a moderate use of the rabble, 
| which would have prevented the caking of 


the iron and reduced the time of working. 
| We hope to have an analysis of the iron 


| produced, in a short time, when we shall 


probably return to the subject. 

Leaving now the chemical processes, let 
lus turn for a moment to the mechanical. 
About Mr. Danks, and about the host of 
rivals or imitators who have started up 
since he achieved success, it is unnecessary 
to speak. Our readers have been kept au 
| fait with every phase of the rotary puddling 
|furnace. In another page will be found a 
paper read on Wednesday evening before 
the Society of Arts which deserves more 
than passing attention. Mr. Jeavons, in a 
spirit which deserves all praise, has afforded 
M. Dormoy an opportunity of showing his 
rotary rabble in action in this country, and 
we can assure ironmasters that it is worth 
a trip even from the North to London to see 
a charge puddled by its aid. We published 
an account of this invention in a recent im- 
pression, and we confess without hesitation 
that we then set it down rather as a me- 
chanical curiosity than as being an invention 
likely to play an important part in the iron 
trade of this or ‘any other country. We 
found that the puddling furnace used by 
Mr. Henderson at Millwall was fitted up 
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with the requisite tackle, and we learned in 
the course of the afternoon that M. Dormoy 
proposed to puddle a charge to ascertain if 
the mechanism was in order. This trial 
was in no way intended to show the merits 
of the process, but simply to test the tackle. 
M. Dormoy, however, very courteously 
granted us permission tobe present at what 
was strictly a private trial, and even to speak 
of it as we thought fit. The furnace was 
fettled in the usual way with ground hema- 
tite and mill scale, and was charged with 4 
ewt. of remelted pig made from scrap on 
the works, and not very good. To improve 
the quality of the iron an old casting of 
very good grey iron, weighing about 60 lbs., 
was thrown in at the last moment before 
the door was closed at 7.15. At 7.55 the 
iron was all melted; at 8.3 it commenced 
boiling, and at 8.5 the rotary rabble was 
introduced. Then might be witnessed a 
scene absolutely without parallel in the iron 
trade. An elderly gentleman, in an over- 
coat and spectacles, proceeded to puddle a 
heavy charge of iron; and he did it too, 
part of the time, with one hand. The tool 
revolves at about 200 revolutions per minute, 
and there can be no mistake about its action 
on theiron. Ifit were possible for ten strong 
puddlers to introduce ten rabbles at once, 
and to work a charge altogether, they could 
not produce the same result. The rabble 
resting on the bottom careers all about the 


hearth, a turn of the wrist directing it hither | 





and thither. The centrifugal force of the 
rotation keeps the rabble perfectly clear, of 
scale, while the thorough action of the tool 
could not be better exemplified than by the 
little flakes of iron come to nature thrown up 
from the cinder bath and falling back 
again like snow. At 8.15 the round rabble 
was withdrawn, the iron having been 
brought to nature, and the screw rabble 
was inserted and worked for 4 min., when 
it was taken out. The strap connecting the 
little donkey engine which drove the appa- 
ratus, with a rigger, had stretched so much 
that it slipped ; this did not occur, however, 
until the work was all but complete, and 
the first ball was taken out at 8.32, while 
the last was removed at 8.47. The entire 
operation had thus lasted but 1 hour 32 min., 
while the yield of the iron was evidently 
very large. The balls worked under the 
hammer in a way which left nothing to be 
desired. We may conclude this article in 
the words of a puddler standing by and 
speaking to a mate: “I’m blowed, Bill, but 
that’s what we chaps has been wanting all 
along.” We suspect the masters will want 
M. Dormoy’s invention quite as much as 
the men. We may state that among the 
gentlemen present during the day were Mr. 
Jeavons, Dr. Noad, Mr. Kirkaldy, Mr. 
Wright, M. Dormoy, M. Dudley, Mr. Pa- 
get, Mr. Halpin, Mr. Norris, and several 
others interested in the progress of the iron 
trade. 
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** From The Engineer.” 


The moment we attempt to deal with the ; Designs for Ships of War an important con- 


economy of fuel in marine engines we/| tribution to the literature of the subject 
encounter the question—‘ Shall we use| which we cannot suffer to pass unnoticed. 
compound or non-compound engines ? “We | At the risk, therefore of encountering a very 
are unfortunately but too well aware that | sharp and angry criticism, we shall proceed 
a single sentence written against compound | not only to reproduce the gist of the evi- 
engines influences certain of our readers as dence bearing on economy of steam in our 
a read flag does a bull in a Spanish arena ; | navy, but to deduce such conclusions from 
but this fact is not sufficiently important in | it as appear to us to be justified by facts. 

its results to induce us to refrain fromallud-; The evidence may be classed under three 
ing to a subject of considerable interest to | heads :—We have first a paper—Appendix 
all users of steam power. We are alway |C—by Professor Rankine, entitled, “ Re- 
desirous of acquiring and communicating to | marks on Economy of Power in Compound 
our readers every scrap of reliable infor- | Marine Engines ;” we have, secondly, the 
mation that can be obtained concerning | evidence of Mr. J. Wright, Admiralty Su- 
economical steam engines, whether cum- | perintendent of Machinery; and, thirdly, 
pound or not; and we find in the minutes | notes from Messrs. Ravenhill, Hodgson, and 
of evidence given before the Committee on|Co., T. and J. Rennie, Laird Brothers, 
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| 
Humphreys & Tennant, Napier & Sons, 


and John Elder & Co. These notes con- 
vey very little information which is not al- 
ready public property; we need, therefore, 
refer but slightly to them. Professor Ran- 
kine’s paper and Mr. Wright’s evidence 
deserve much attention, and we propose to 
consider both at some length. Professor 
Rankine may be regarded as representing 
the theory of the subject ; Mr. Wright deals 
with practical questions only. 

Two special advantages are claimed for 
the compound engine. The first is, that it 
equalizes the strains on the crank shaft, 


and consequently permits high-pressure | 


steam to be used at sea with measures of 
expansion which are not available in non- 
compound engines. The second advantage 
claimed is, thatin compound engines the 
second cylinder acts the part of a “heat 
trap” between the condenser and the high- 
pressure cylinder, and by reducing the 
frigorific influence of the condenser, con- 
duces to economy of fuel. We are 
aware of any other advantages usually claim- 


ed by theorists for the compound engine | 
but these two, although there is a third of | 


far more importance in the eyes of many 
practical men, to which we shall refer by 
and by, while, as will be seen presently, 
Professor Rankine claims yet another advan- 
tage, about which we shall have a good deal 
to say. Professor Rankine begins his paper 


by a very lucid and concise explanation of 


the action of steam in a steam engine, laying 
down the law that the great object to be 
sought in designing economical engines is 
to get the greatest possible quantity of 
work out of a given weight of steam, and 
he explains very clearly how this is to be 
done. Having dealt with the whole ques- 
tion of jacketing and expansion in theory, 
he next proceeds to deal with the use of ex- 


pansion in practice, and so leads us up to | 


the compound engine. Now, we think it is 
fair to assume that a paper such as this, 
being nearly, if not quite, Professor Ran- 
kine’s latest utterance on the subject of 
steam engine economy, embodies the most 


recent conclusions at which he has arrived | 


on the subject. Of course, we may be mis- 
taken on this point, but until we receive a 
substantial correction from its author we 
will regard this paper as containing in a 


very small compass the best arguments that | 
can be urged by Professor Rankine in favor | 


of the compound system, which it is well 
known he advocates. 


not | 


our readers will be the better able to appre- 
| ciate the importance of the fact that our 
|author says not a single word concerning 
| the value of the second cylinder as a heat 
| trap; and this is the more remarkable, be- 
|cause he handles the whole question of 
cylinder condensation in a masterly fashion. 
So far is he from endorsing the “ heat trap” 
theory, indeed, that we find the following 
definite statement laid down: “So far,” 
| writes Professor Rankine, “ as the theoreti- 
cal action of the steam on the piston is 
| concerned, it is immaterial whether the ex- 
pansion takes place in one cylinder or in 
two or more separate cylinders.” He then 
proceeds to explain in what the advantage 
of the compound engine really lies, in the 
following words: “'The advantage of 
employing the compound engine is con- 
nected with those causes which make the 
| actual indicated work of steam fall short of 
its theoretical amount; and also with the 
| strength of the engine and its framing, the 
steadiness of its action, and the friction of 
its mechanism.” We can bring forward fur- 
ther evidence that Professor Rankine aban- 
dons, or ostensibly abandons, the heat trap 
theory, in the fact that in a very pleasing 
little memoir of the late Mr. John Elder,* 
which we commend to the attention of our 
readers, a theory of the steam engine is 
|given in many places identical with that 
| now under consideration, and in it we have 
searched in vain for the most distant allu- 
sion to the heat trap theory. Whether these 
|things are considered to prove much or 
little, will depend on the importance at- 
| tached to the utterances of Professor Ran- 
| kine. We venture to regard his silence on 
| the subject as an efficient endorsement of 
| the views we have repeatedly expressed, to 
| the effect that the heat trap theory has no 
| basis whatever in fact, and that the presence 
of a second cylinder can do no more to inter- 
cept the influence of the condenser than a 
| long exhaust pipe could. In “TheEngineer” 
| for July the &th, 1870, we considered the 
| whole question at considerable length, 
'and gave then a numerical statement of 
the temperatures obtaining in each cylinder 
of a compound engine, and of the whole 
range of temperature in a non-compound 
engine, using the same measure of expan- 
sion. That statement was based on such a 
pressure as has been very seldom, if ever, 
used at sea, and it may be worth while to 


mm. : ° * A Memoir of John Elder.”” by W. J. Macquorn Rankine. 
This much premised, | Blackwood and Sons, Edinburgh and London, 1571. 
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reproduce it in a somewhat different form, 
corrected for those pressures and measures 
of expansion which are now most generally 
employed by builders of compound engines 
for our mercantile marine. From “date 
lying before us, we know that a safety 


valve load of 70 lbs. on the square inch and | 


a total expansion of nine times may be 
accepted as the maximum limit of success- 
ful general practice in compound engines. 
First 


terminal 
pressure. 


| 

aie Initial | 
Tuitial pressure. =k, 
temperature. 


SMALL CYLINDER: 
doe, 
316 


LARGE CYLINVE! 


28 3. vuxnan 247 9.44 


| 
SINGLE CYLINDZR ENGINE: | 


9.44 


| 
316 | 


From this it will be seen that the total | 
range of temperature in the small eylinder 
is 145 deg., while that in the single cylin- 
der of the non-compound engine is 174.4 
deg., the difference in favor “of the small 
cylinde r of the compound engine amounting | 
to 49.4 deg. Lut it is to be borne in mind | 
that the steam, in doing work in the low- 
pressure cylinder, has to undergo a second | 
cooling, the range of temperature being in 
the large cylinder 105.4 deg. To all in-| 
tents and purposes we may regard the steam | 
as being worked in two distinc itengines. If} 
the cylinders be unjacketed, a certain | 
amount of condensation proper to the differ- 
ence in temperature between the metal and 
the steam, and to the weight of metal heat- 
ed, will take place. Only so much steam 
can be discharged into the second cylinder 
as is left after this condensation and that | 
due to the performance of work has taken | 
place. In the second cylinder we have a. | 
second and totally distinct conde snsation ; 
and, arguing in one way, and from one 
point of view, it would be quite fair to as- 
sume that the range of temperature in the 
compound engine is represented by the sum 
of the ranges in the two cylinders, or in the | 
case we have cited by 230.4deg. Weshall 
not accept this proposition, however, because 
it does not accurately represent the theory of 
the influence of the cooling action of the | 
exhaust from cylinder to cylinder, or from 
cylinder to condenser. But we wish to point | 


In ordinary work, 60 lbs. steam expanded 


five times is more frequently used by far. 
Now we shall not be far wrong if we assume 
that the expansion is equally divided be- 
tween the two cylinders, that is to say, it 
will be expanded three times in the small 
and three times in the large cylinder, or 
nine times in all. The accompanying table 
shows the various temperatures at a 
‘glance :— 


: 
Second | 


terminal 
temperature, 


Total 
range of 
temperature. 


Second 
terminal 
pressure. 


First 
| terminal 
jtemperature | 


—— ' 
deg. | 
247 | 


deg, 
125 


Ths, 


191 103.4 


191 174 4 


out, first, that the large cylinder alone of 
the compound engine is larger, weighs 
more, and presents a greater cooling sur- 
face to the incoming steam than the 
| single cylinder of the non-compound en- 
gine; and this fact, by itself, would be 
enough to blow the whole heat trap theory 


i. the winds as an exploded de slusion ; 


but even this argument need not be 
weighed. All compound engines made in 
the present day have jacketed cylinders 

and the fact is that, with jackets, the x range 
of temperature in the metal of the cylinder 
is extremely small, and, as a consequence, 
no heat trap is wanted. It may be urged 
that we simply transfer the waste from the 
working steam to that in the jacket; but 
this is ‘not strictly true. When the cylin- 


| der or cylinders are without jackets the 


working steam becomes extremely damp, 
and in that condition acts as an admirable 
conductor of heat; but this is not the case 
when jackets are used, the steam being then 
too dry to carry off much heat. It may be 
| accepted as an axiom, that when an engine 
is fitted with proper jackets it is a matter 
of no importance whatever whether it is or 
is not compounded, so far as the prevention 
of cylinder condensation is concerned. Of 
the two, the balance of advantage will be in 
favor of the non-compound engine, because 
a smaller weight of metal will be exposed to 
the influence of the exhaust in it than can 
be the case in a compound engine of the 
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same power. Whether Professor Rankine 
does or does not accept our opinions as cor- 
rect so far, and argue as we have argued, 
we are unable to say. Here, at all events, 
is the fact, that neither in the “ Evidence 
Appendix ” nor in his memoir of Mr. Elder 
does he make the least allusion to the use 
of the second cylinder as a heat trap. He 
does, however, as we have stated, claim a 
very important advantage for the compound 
engine, of which very little has been heard 
till recently, and what this advantage is we 
shall now proceed to consider. 

We have shown that Professor Rankine 
states definitely that theoretically it is a 
matter of no consequence whether steam is 
expanded in one cylinder or in several 


cylinders, and that he makes no allusivn | 


either in the paper under consideration, or 
in his memoir of Mr. John Elder, to the 
heat trap action of the low-pressure cylin- 
der, for which so much was claimed before 
the true theory of the steam jacket was 
fully understood. Apparently abandoning 


nearly all other grounds for his advocacy of 


the compound system, Professor Rankine 
now boldly comes forward with the state- 
ment that its true value is to be found in 
the fact that the compound engine, properly 
constructed, has less friction than any other 
form of steam engine habitually used; and 
he goes on to explain the grounds of this 
belief at great length. We have the utmost 
possible respect for Professor Rankine’s 
sc‘en‘ide attainments, yet we confess that, 
holding the opinions we do, we have no 
other course open tu us than to join issue 
with him at this point, and dispute the ac- 
curacy of his deductions ; and here we must, 
to avoid all chance of conveying an er- 
roneous impression, quote our author’s own 
words :— 

** A subject which at one time was almost 
wholly neglected, and which even now does 
not always meet with the attention that it 
deserves, is, the diminution of the friction 
of the engine, by causing the forces which 
drive the shaft round to balance and neu- 
tralize as far as possible each other’s actions 


on the bearings where the friction takes | 


elementary illustration 


place. As an 
suppose that a shaft 


of this subject: 


weight of the shaft. But if we now divide 
the force required to drive the shaft into 
two equal forces, each of half the amount, 
and apply them in opposite directions to a 
pair of cranks exactly opposite to each 
other, those two driving forces will balance 
with each other as regards pressure on 
the bearings, and the friction will be that 
due tothe weight of the shaft alone. It is 


| impossible in practice to realize this balance 





of driving forces with absolute precision ; but 
an approach to it can always be made. One 
of the most important advantages of com- 
pound cylinder engines with opposite cranks 
is their enabling that balance of driving 
driving forces to be approximately retlized ; 
and that advantage had been neglected, or 
very imperfectly developed, before Messrs. 
Randolph and Elder constructed their ma- 
rine engines, which in this respect were a 
great improvement upon all compound en- 
gines previously invented.” 
Now we have no intention of disputing 
that in this statement there is a large pro- 
portion of truth, but a glance will show 
that it does not contain a complete state- 
ment of the case. In the first place, it is 
not necessary to secure the required diminu- 
tion of frictional resistance that we should 
The proposition 


use compound engines. 
applies to any form of multi-cylinder en- 
gine in which the forces are made to act si- 
multaneously at opposite sides of the crank 


shaft; but this is not a'l: tie friction of 
an engine is not all concentrated in the 
crank shaft bearings. Whatever the num- 
ber of cylinders used, the sum of the fric- 
tion of the crank pins in the big ends of the 
connecting rods must be the same in theory, 
while in | rastice it is certain to augment 
slightly with each increase in the number 
of bearings. As regards the friction of the 
crossheads in the guide bars, precisely the 
same truth applies; when we come, how- 
ever, to deal with the frictional resistance 
of all packed joints, such as those of stuff- 
ing-boxes, pistons, ete., we find that there 
is a considerable increase of friction caused 
by multiplying the number of cylinders. In 
ships, again, it is certain that the thrust of 
the shaft will be the same, othor things be- 


|ing equal, whether we use one cylinder or 


is made to rotate by means of a single | 


force applied to a single crank pin. The 
whole of that force will be transmitted to 


the bearings, and will there produce a pres- | 


sure which will cause a certain amount of 


half-a-dozen ; and it follows as a conse- 
quence that the only saving of friction to be 
had from balancing the strains must be re- 
ferred to the crank-shaft bearings, and to 


them alone; and we venture to hold that 


friction in addition to that produced by the | in a six-cylindered engine the friction proper 
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to the additional pistons, joints, etc., must 
be greater than any saving effected as re- 
gards the crank-shaft bearings. Builders 
of racing portable engines have exhausted 
every known scheme for reducing friction, 
but we do not think there is a builder in 
the kingdom who would use two cylinders 
working on opposite cranks with a view to 
reduce friction still further. Professor Ran- 
kine, however, does not content himself 
with theories, he brings forward facts. To 
prove that his arguments are sound, he re- 
counts and considers at much length the 


results obtained from the competitive trial | 
of H. M.S. Arethusa, Octavia, and Con- | 


stance, the first fitted with trunk engines by 
Penn, the second with three-cylinder en- 


gines by Maudslay, and the last with six- | 


cylinder engines by Elder. It so happens 


that nothing is better known to naval en- | 


gineers than the fact that the race of these 
ships to Funchal in September and October 
proved little or nothing. However, our au- 
thor gives figures from which he deduces 
that “at the same speed the Octavia would 
require 27 per cent. more indicated power 
than the Constance, or the Constance 21 per 
cent. less power than the Octavia.” The Con- 


stance was driven at 8.8 knots per hour by 
1,747 indicated horse-power, while the Oc- 
tavia was driven at 7.52 knots by 1,400 in- 
dicated horse-power, and the proportionate 
efficiency of mechanism is given by our au- | 


thor as 100: 127, or as 79: 100. He, hav- 
ing stated thus much, goes on to use the 


following remarkable words: “ The supe- 


rior economy of fuel as compared with in- | 


dicated power in the Constance is of course 
to be accounted for by a higher initial pres- 
sure and a greater rate of expansion than 


those used in the other vessels, combined, | 


possibly, with better jacketing and greater 
superheating. But the superiority of the 


2 ties +A 
Constance over the Octavia in efficiency of | 


mechanism—in other words, in economy of 
indicated power, as compared with effective 
power—can be accounted for only by the 


comparative smallness of the friction in the | 


engines of the Constance; and when it is 
considered that the engines of the Octavia 
were of good design, and of the best pos- 
sible workmanship, the comparative small- 
ness of the friction in the Constance must 


be ascribed mainly, if not wholly, to the | 


balance of driving forces—the result of the 
arrangement of opposite cranks in Mr. El- 
der’s three-cylindered compound engines.” 
Let us put this statement in another form. 


We have seen that the only advantage as 
regards reduction of friction proper to the 
Elder system concerns the crank-shaft, and 
it alone. Now, if the Octavia required 27 
per cent. more power to drive her at a cer- 
tain speed than the Constance did, it is evi- 
dent, from what has gone before, that this 
27 per cent. must have been needed to over- 
come the friction of the crank-shaft in its 
bearings, if we suppose that the crank-shaft 
of the Constance revolved without friction. 





Let the fixed speed be 8.8 knots. The Con- 
stance required 1,747 indicated horse- 
power to attain this speed; the Octavia 
would require 27 per cent. additional, or 470 
+1,747=2,218 horse-power; and of this 
no less than 470 indicated horse-power—or, 
say, 21 per cent. of the entire power devel- 
| oped—would be expended simply in over- 
coming the friction of the crank-shaft in its 
| bearings. Be it remembered, however, that 
| the Octavia had three cylinder engines, with 
| the cranks disposed at angles of 120 deg. 
| The forces must, therefore, have been very 
| nearly as well-balanced as in the case of the 
| Constance. Under the circumstances, we 
| find it extremely difficult to accept Professor 
| Rankine’s conclusions, in the light of our 
present stock of information on this point, 
as being accurate. Even, however, though 
all his arguments in favor of the double 
three-cylindered engines were perfectly con- 
clusive, it is evident that they would apply 
equally well to non-compound engines. 

We have now to deal with Mr. James 
Wright’s evidence. The minutes of this 
evidence occupy 5} large pages of close 
print, but we tind that the questions of the 
‘committee take up more space than Mr. 
| Wright’s answers. We rise from the peru- 

sal of these minutes with the impression 
that Mr. Wright is an extremely cautious 
| witness, who takes special care not to make 
a statement unless he is perfectly sure of 
his ground; and we attach the more value 
to what he has said, as a consequence. Mr. 
Wright does not halt between two opinions ; 
he believes in the compound engine, and he 
| advocates its adoption in the navy. But 
the moment we proceed to sift the reasons 
'why he advocates it, we come across the 
| fact that he has really little or nothing to 
' say in its favor; on the contrary, nearly all 
the evidence that he adduces concerning the 
results obtained, so far, from compound 
engines in the navy, is damaging to his 
|cause. The second question put to him runs 





| thus: “ Have you had any experience of the 
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relative conomy of compound engines ant | 
simple engines at sea?” To which he re- | 
plied: “‘ Our experience is not very definite | 
upon that point. We have been making | 
some experiments lately with compound | 
engines, but we have not very distinct ex- | 
periments with the other engines with which | 
to compare them.” ‘Then follows a series | 
of questions and answers concerning the 
engines of the Sirius, Briton, and Tenedos, 
which contains nothing worth notice except 
that the lowest coal consumption realized 
appears to have been about 2 lbs. per indi- 
cated horse power. Asked as to the com- | 
parative weights of compound and non- 
compound engines of the same power, Mr. 
Wright replied that the weight of the 
compound engine was from 5 per cent. to 
10 per cent. greater than that of the simple 
engine. He was then questioned as to the 
probable durability of the compound engine, 
and replied that as far as his experience 
went it was not favorable in this respect to 
the durability of engines on the system 
working at 30 lbs. on sq. in., and he cited 
the engines of the Crocodile and Serapis 
troopships as an example. We have al- 
ready told our readers that as a conse- 


quence of the incessant failures of the com- 
pound engines in these ships they were 
taken out altogether, and replaced with new | 





engines of simple type. We now come to 
a rather important question and answer. 
We have all along urged that the economy 
of fuel said to be proper to the compound | 
system, and to it alone, was really due to the 
fact that compound engines used steam of 
much higher pressure than the simple en- 
gines with which they were compared. If 
a compound engine is more economical than 
a non-compound engine at one pressure it 
ought to be so at all, so long as the rates of 
expansion remain the same. Now the 
compound engines of the Crocodile and the 
Serapis gave certain results as regards 
economy with 30 lbs. steam, and these re- 
sults ought to have been better, if there is 
anything in the compound system as regards 
economy of fuel, than those obtained from 
the non-compound engines by which they 
were replaced. Mr. Wright, being asked 
if the new engines were ‘“ not compound,” 
says: “ No; I may say, so far as we can see 
from the records kept on the ordinary pas- 
sages, that there is very little difference in 
the economy now and before in the Serapis 
and Crocodile.” This we submit is a direct 
confirmation of the truth of our arguments, 





and Mr. Wright, although he advocates the 
use of compound engines, is, we are happy 
to see, at one with us on this point. He 
next estimates that a saving of 20 per cent. 
in fuel over the best existing engines of the 
ordinary type in the navy could be etfected 
by the adoption of the compound system, 
and he arrives at this conclusion from an 
examination of the results obtained with 
the non-compound trunk engines of the 
Hercules on the one hand, and with the 


{compound engines of the Briton on the 
other. 


Mr. Lloyd asked him : “ In compar- 
ing the economy of the Briton’s en- 
gines with those of the Hercules, they 
used 55 lbs. of steam against 30 lbs. ?” Mr. 
Wright replied in the affirmative; where- 
upon Mr. Lloyd asked: “ Do you not think 
that the ditlerence in pressure might ac- 
count for a good deal of the economy ?” 
* Yes, certainly,” replied Mr. Wright. 

So far it will be seen that Mr. Wright 
holds opinions precisely identical in many 
respects with our own. Before proceeding 
further we must stop here for a moment to 
explain a point which may not be fully 
understood. A great many engineers main- 
tain that the compound engine working 
with a given pressure and measure of ex- 
pansion must be, and is, more economical 
in right of the principle on which it is con- 
structed than a non-compound engine. We 
know that a few engineers comprehend 
the state of the case more accurately, and 
understand that the only advantage to be 
gained from compounding lies in some re- 
duction in the maximum strains to which 
the moving parts are subjected under cer- 
tain conditions. But these gentlemen do 
not constitute anything more, we fear, than 
a small minority, and the principal object 
we have in view in writing these articles is 
to endeavor to overset the fallacious theory 
of the majority by showing them that there 
is no evidence to be had in favor of the 
opinions that they hold; if every engineer 
understood in what the only advantage 
possessed by the compound system lay, 
these articles need never have been written. 
We find it advisable to make this explana- 
tion, because we have on the one hand been 
accused of being unable to understand the 
advantages accruing from the use of high- 
pressure steam and large measures of ex- 
pansion at sea, while on the other hand we 
have been taken to task for arguing against 
a belief which we have been assured has 
no existence. So much premised, we can 
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return to the remainder of Mr. Wright’s | the metal of the cylinder. If an assimila- 
evidence. tion of the temperature of the cylinders to 

Mr. Lloyd asked him a crucial question : | that of the exhausting steam does not occur, 
“Have you formed any opinion as to the | then the intervention of one cylinder or of 
cause of the great economy which is said to | 20 cylinders between the first cylinder and 
be obtained in the double cylinder engines | the condensers must be a matter of utter 
as compared with the engines which expand | indifference. Now, if an engine is properly 
very considerably, assuming the pressure of | jacketed, no such assimilation can take 
the steam to be the same and the degrees | place. The cylinders will always be- hotter 
of heating to be the same?” Mr. Wright, | than the steam within them—in other words, 
says, in reply: ‘The only cause I can see | they will be in the same condition as though 
is, that the variation of the temperature of | they were made of non-conducting materi- 
the cylinders is much less in working the|als. If, on the other hand, they are not 
steam in two cylinders than it is in one. | properly jacketed, then Mr. Wright may 
For instance, the steam on entering the | rest assured that the condensation in the 
large cylinder goes in at a considerably re- | second cylinder alone will be greater than 
duced temperature, as compared with the | it would have been in the single cylinder 
temperature of the condensers, than it would | of a non-compound engine working up to 


in working the steam in one cylinder only. 
You would have a much greater difference 
between the condensation temperature and 
the maximum steam temperature with a 
single cylinder engine than with a com- 
pound engine.” In this reply we have the 
entire heat-trap theory with which we dealt 
last week in a nutshell. A very few minutes 
after this reply was given, Professor Ran- 
kine, as a member of the committee, began 
to question Mr. Wright, and among his 
questions we find the following very signi- 
ficant one. Alluding to Mr. Wright’s ap- 
plication of the heat-trap theory, Professor 

tankine said: ‘ Ifyou had a non-conduct- 
ing cylinder, I suppose the compound 
engine would not have the sort of advan- 
tage you are speaking of?” To which 
Mr. Wright replied, “Probably not.” 
he had said, “Certainly not,” he would 
have been more accurate. We shall not 
stop to say much more concerning Mr. 
Wright’s notions, but we may cite his re- 
plies so far as proving that there are en- 
gineers who believe that the compound en- 
gine possesses a special element of economy, 
and Professor Rankine’s question as show- 
ing that he does not endorse Mr. Wright’s 
expression of opinion. We shall not now 
gointo any consideration of the relative influ- 
ence of large and small masses of iron and 
various temperatures of admission, cut-off, 
and exhaust, although it can be shown that 
if steam is to be expanded in an unjacketed 
engine, the more cylinders we expand it in, 
the worse the result we shall obtain. It 
will suffice to refute the whole heat-trap 
theory to say that it is based, from first to 
last, on the assumption that considerable 
changes take place in the temperature of 


If 





the same power as the combined cylinders 
which he advocates. Any practical engi- 
neer will tell him that if he really wants 
to waste steam, the best way to set about it 
is to work it with a high measure of expan- 
sion in a non-jacketed compound engine. 
Professor Rankine endeavored to get 
forth from Mr. Wright a confirmation of 
his own theory as to the cause of the econ- 
omy, or assumed economy, of the Constance, 
engined by Messrs. Elder, in which attempt 
he was specially unsuccessful. ‘“ Have you 
considered,” asked Professor Rankine, ‘“ to 
what extent a compound engine will save 
friction independently of the savin of fuel 
r indicated horse power?” Mr. Wright 
stated that he “was not prepared to give 
a reply on that point, but 1 should not think 
it would be very much if working with the 
same pressure and temperature of steam in 
each case.” Further on, Professor Ran- 
kine asked the witness: ‘“‘In connection 
with the trials of the Constance, Octavia, 
and Arethusa, was there not reason to be- 
lieve that the Constance had a considerable 
advantage over the Octavia in the shape of 
saving friction?” To which Mr. Wright 
replied in a very matter-of-fact fashion : 
“t cannot give you an answer to that ques- 


tion from facts, but my impression is that 
the friction was considerably more in the 
engines of the Constance than in those of 
the Octavia ; the Constance had six cylinders 


and many moving parts.” So far it will be 
seen that Mr. Wright had proved anything 
but a satisfactory witness as far as Profes- 
sor Rankine’s theory of the Constance was 
concerned, but he proved yet worse a little 
further on. After asking two or three 
questions of small importance, Professor 
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Rankine said : “I believe I am right in say- 
ing that the returns show that the Con- 
stance was driven at the same speed with 
a less indicated power; what do you as- 
cribe that to?” “I should rather be in- 
clined,” said Mr. Wright, “ to ascribe it to 
the difficulty of ascertaining the indicated 
power with sufficient accuracy to form a 
conclusion upon the subject. I believe 
those ships (the Octavia and Constance) 
are identical.” Professor Rankine did 
not press Mr. Wright further on this point. 
Our own convictions regarding the Con- 
stance are that Professor Rankine has been 
supplied with incomplete or inaccurate in- 
formation concerning her performance on 
the trip to Funchal. In the first place, not 
a word is said concerning the cleanliness of 
the hulls of the Octavia and the Constance, 
though the point is of great importance— 
not concerning their trim, nor concerning 
the pitches and areas of the screws by 
which they were propelled. Sut apart 
from this, all Professor Rankine’s argu- 
ments in favor of the Constance are based 
on the belief that screw-shaft friction 
was reduced to a minimum by direct 
balance of forces. As a matter of fact, 
however, such a balance of forces did not 
exist, at least on the measured mile trial. 
It could of course only occur when the 
power developed in each of the low-pres- 
sure cylinders was half that developed in 


each high-pressure cylinder, and this was 


not the case when, as we have said, the 
ship was tried at the measured mile. We 
feel certain that if Professor Rankine knew 
as much about the engines of the Constance 
as was known by those who had charge of 
them, he would never allude to them as 
constituting a desirable type of marine en- 
gine. During the only commission of the 
ship, the engines failed more than once at 
critical moments ; and a very good author- 
ity states, “That an ordinary amount of 
steaming must have condemned them to 
the scrap heap.” Indeed, it is quite evi- 
dent that however strongly Mr. Elder be- 
lieved in 6-cylinder engines he could searce- 
ly find any employer of steam power to en- 
dorse his opinions. We find at pages 230, 
231, and 232 of the Minutes of Evidence 
we are considering, a list of all the ships 
engined since 1854 by the firm of Messrs. 
John Elder & Co. This list includes 81 
screw steamers, of which 15 were fitted 
with 4 cylinders, 65 were fitted with 2 
cylinders, and one only, the Constance, 
was fitted with 6 cylinders — the British 
Government being, we presume, better 
able to pay for the experiment than our 
great steamship cumpanies. Of paddle 
steamers, Messrs. John Elder & Co. en- 
gined 25, only one being fitted with 6 eyl- 
inders, and she is only of 6U-horse power 
nominal. 


HEAVY GUNS. 


From ‘ The Engineer.”’ 


The offensive force of the Glatton being 
limited to two 25-ton guns, and that of the 
Hotspur to one similar gun, the endurance 
of these weapons is a matter of vital conse- 
quence to ships so armed. It appears, how- 


ever, that these 25-ton guns have never been | 


subjected to such a trial of endurance as 
would naturally occur in any well-contested 
naval action or bombardment. All naval 


artillerists are familiar with the fact that | 


rapid continuous fire causes a high temper- 
ature in the gun, greater and more rapid 
consumption of powder, unequal rate of ex- 
pansion of the two metals of which the gun 
is constructed, and a greater initial velocity, 
whereby the projectile is more violently 
ejected from the bore. As the shot is bal- 





| to grooves with ever-varying curves, offering 


an increasing resistance at the muzzle, the 
wriggling hammering action which abrades 
and indents the bore in s/ow firing, is natu- 
rally increased by rapid, continuous fire. If 
the lower groove be not split by the blow of 
the bottom rear stud, or the upper groove 
by that of the front upper stud, the wearing 
away of the edges of the grooves would fa- 
cilitate their being overridden by the studs, 
and the gun might be expected to be dis- 
abled in the usual way at a much earlier 
period. The life of the 25-ton gun is offi- 
cially limited to 100 discharges of reduced 
charges of powder of 85 Ibs., mis-called 
“ battering” charges, fired with intervals of 
days or weeks between every few rounds. 


‘anced on two studs, and has to conform itself | But we understand that the Admiralty are 
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considering the propriety of firing these 100 
rounds from one gun in a single day’ 8 prac- | 
tice with several degrees of elev ation, so as 
to assimilate the exercise to that of a naval 
engagement. As the immense turret ships 
Devastation, Thunderer, and Fury will each 
be dependent on four 35-tons, for their of- 
fensive value, it is to be hoped that the Ad- | 
miralty—remembering how 68 rounds of 


slow firing with pebble powder injured the | 


only one so tried—will order a 35-ton gun | 
to be put through a similar course of rapid | 
continuous firing as soon as one is delivered 
into their hands. Such a trial by indepen- 
dent naval artillerists will, we trust, overturn 


the untenable fiction that the service guns | 
are destroyed by the direct action of exces- | 


sive powder pressure, and establish beyond 
cavil the well-known fact, that it is the pro- 
jectile, or rather the vicious system of rifling 
it, which so abbreviates the longévity of 
English guns. 

The recent arrival of the Bellerophon 
from Gibraltar has enabled us to inquire into | 
her alleged disarmament by the action of | 
projectiles fired at targets from her 9-in. 12, - 
ton guns. One 125. -ton gun has opened 
slightly in the outer coil on the chase about 
12 in. from the muzzle, just where the in- 
creasing spiral offers the maximum of re- | 
sistance to the escape of the shot. But the 
interior steel tube is uninjured. Another | 
similar gun has given way in like manner 
about 2 ft. 6 in. from the muzzle, the interior 
steel tube being also uninjured. In two | 
other guns the steel tube stands out rather | 
beyond the iron jackets, whether from the 
increasing spiral drawing the tube out, or 
from the outer coils being set back, is not 
very clear. This disintegration appears to 
have given rise to unnecessary alarm, as the 
separation of the cvils is of no great conse- 
quence, the transverse strength they are in- 
tended to impart being unabated. Still the 
fissures have an ugly look, and, taken in 
connection with the T24-ton gun in this ship 
being so damaged in its rifling in 1869 as 
to require removal to the Royal Arsenal, 

and two others in 1870 being severely 
injured, one by the projectiles and the 
other by corrosion, we can well understand 
the faith of officers and men being some- 
what rudely shaken. It is satisfactory, 
however, to know that the few discharges | 


these guns have been subjected to in the | 


ordinary course of training the crew, have 
not been sv destructive as was at first re- 
ported. 


4 pe AND New Ipeas rx Astronomy.—The- 
ories have been advocated respecting 
‘the celestial bodies during the last few 
years, which, new though they seem, and 
new as the evidence certainly is on which 
_ they have been based, will yet be found in 
| germ, and sometimes sufficiently well devel- 
oped, in the works of former astronomers. 
The theory that the globes of Saturn and 
Jupiter are as heated as red-hot iron, was 
‘advanced by Buffon and entertained by 
| Bailly. The theory that the sun was sur- 
rounded by a perpetual aurora was advo- 
'eated by Sir W. Herschel. Mairan and 
| the elder Cassini held that there is a con- 
nection between the frequency of sun-spots 
and the occurrence of terrestrial auroras. 
Cassini also held the theory that the zodiacal 
light (which, by the way, astronomers 
would do well to call simply the zodiacal) 
| is caused by multitudes of minute cosmical 
| bodies travelling round the sun. The 
| younger Cassini believed the rings of Sat- 
urn to be formed of multitudes of discrete 
satellites as the sands on the sea shore for 
|multitude. The theory of star-drift was 
not indistinctly hinted at by the elder Her- 
| schel, while the theory of star-systems sub- 
‘ordinate to the galaxy was suggested by 
| Lambert and strongly supported by Michell 
|—Michell, that most unfortunate ‘of scien- 
tific thinkers, who mathematically demon- 
strated the existence of binary star-sys- 
'tems, the credit of which discovery adds to 
| the already sufficient fame of Sir W. Her- 
| schel—Michell, who devised and construct- 
ed the very machine for weighing the 
earth, the credit of whose invention all our 
text-books award to Cavendish. We might 
| cite other instances, but these will suffice to 
show with what good reason the students of 
astronomy in our day might say with Shak- 
speare : 


“Tf there be nothing new, but that which is 
Hath been before, how are our brains beguil’d, 
Which laboring for invention bear amiss 
The second burthen of a former child!” 





“gar Mill Spring, Wayne Co., Mo., there 

has been discovered a bed of oolite 

of great thickness, much of it occurring 

as a hard flint, and in other portions of 

the formation intermixed with and taking 

on the form of a brilliant quartz, showing 
no presence of lime whatever. 
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ON THE USE OF THE MAGNETIC NEEDLE IN MINERAL EXPLO- 
RATIONS ON LAKE SUPERIOR.* 


Br MAJOR T. B. BROOKS. 


As the instruments employed in these | L. E. Gurley, of Troy, N. Y., but I have 
observations are quite different from those | since seen one made by H. W. Hunter, Esq., 
used in Terrestrial Magnetism which are of N. Y., which I like better. A reliable 
described in the works on Magnetism, a | dip compass is a desideratum. 
brief account of them will be given. This is exclusively a hand instrument, 

The Dip or Miner’s Compass is a circular | and has no support; nearly all the magnetic 
brass box 3] in. in diameter and # in. | observations recorded in this paper were 
thick, having a circular glass on each side, | made on instruments held in the hand. 
which permits a perfect view of the needle. | This may seem rude and unscientific to pre- 
The needle is 27 in. long, weighs 13} grains, | cise observers of physical phenomena ; but 
and is counterpoised so as to stand horizon- | it was found by trial that the average error 
tally where there is no local attraction, and | by this mode of observation was less than 
where the needle is permitted to swing in a | 3 deg., which was comparatively small in 
north and south vertical plane, which is the | localities where changing the position of the 
position in which it is ordinarily used. The | instrument only a few feet often made 50 
axis of the needle is of hard steel, its points | deg. difference in the direction of the needle, 
resting loosely in conical cavities in agates, | and deviations of 180 deg. from the normal 
fixed in two arms projecting from the side. | direction were common. It is not necessary 
Outside is a ring for supporting the instru- | to observe the direction of the wind to the de- 
ment when observations are made, so placed | gree to construct a useful theory of storms. 
that the weight of the suspended instru-| Had the accurate instruments and precise 
ment brings the zero line of the graduated ; methods of terrestrial magnetism been ém- 
circle to a horizontal position. Although | ployed, not more than 50 stations could have 


designed to be used chiefly for determining | been occupied with the time at my disposal, 


| while with my rude methods over 1,000 


dips or inclinations of the needle due to 
local influences, it answers passably well 
for taking magnetic bearings when laid on 
its side, and was frequently used in this 
way in rough work. 

As there is usually no means of throwing 
this needle off its points of support, the wear 
is great, and the instrument is often out of 
order. A person going out of the way of 
shops where repairs can be made, would do 
well to take two, and then have the means 
at hand for making ordinary repairs. The 
compasses generally possess each an-indivi- 
duality of its own, and one must know his 
instrument before placing much confidence 
in his results: they will seldom reverse, 30 
deg. difference in the two readings being not 
infrequent. A New Jersey iron explorer 
informed me that his Dip Compass always 
indicated 90 deg. when faced west, and the 
real dip due to the local attraction when 
faced east. He is said to have used one 
position in buying and the other in selling 
iron lands, very successfully. 

My compass:was made by Messrs. W. & 





* From a paper read before the American Philosophical So- 
ciety, Philadelphia, in April, 1872. The facts given were in 
part collected under the auspices of the Michigan Geological 
Survey. 
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stations were observed at. 

The miner’s compass above described is 
now in very general use in the magnetic 
iron regions of the United States. The ob- 
ject here sought is to endeavor to point out 
| new and perhaps better modes of using that 
| instrument in finding iron ore, and incident- 
| ally, too, if it has any place in general geolo- 
gical field work. I have long believed that 
the magnetic needle can be so used as to 
give more definite information regarding 
magnetic ores and rocks than has yet been 
done to my knowledge. I did some rude 
and incompleted work in this field, at the 
Ringwood Iron Mines and elsewhere in 
New Jersey and Southern New York, the 
results of which are in part published in 
Prof. Cook’s Report on the Geology of New 
Jersey. The observations of Prof. Cook 
and Dr. Kitchell on the magnetism of the 
iron ores of New Jersey, and the use of :the 
magnetic needle in finding them, possess 
interest; see pp. 532-538 of their report. 
The map of the Ringwood Iron Mines, ac- 
companying that report, exhibits a part of 
my own observations above referred to. 

The idea of applying Magnetic Science 
ito Geology is not at all new; years ago 
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Bischoff, after citing numerous observations 
that had been made in various parts of the 
world by different observers in regard to 
the influence of mountains on the magnetic 
needle, concluded as follows: ‘ Assuming 
that it is magnetic ore alone, either as 
masses or disseminated through the rocks, 
to which the magnetic influences are to be 
ascribed—and in my opinion this is quite 
unquestionavle—it would seem that mag- 
netic observations instituted with the same 
degree of care as those made by Reich, 
would be well adapted for the discovery of 
hidden beds of magnetic iron ore. Such 
observations might therefore prove eminent- 
ly serviceable to the iron industry. Cer- 
tainly it would be requisite first to ascertain 
whether mountain masses containing only 
disseminated magnetic iron ore, but extend- 
ing over a considerable surface, would not 
produce as great an effect as beds of mag- 
netic iron ore. Sabine’s observations do 
not appear to favor this; but, however this 
may be, the magnetic needle indicates the 


presence of magnetic iron ore where it can- | 
| have thus far had at my disposal. 


not be recognized mineralogically, and de- 
monstrates the very general distribution of 
this mineral.” 

My mode of observing was as follows: 
To determine “variations” east or west, the 


bearings of a standard line were taken as in | 


ordinary surveys. Sometimes a solar com- 
pass was used, but oftener a pocket compass. 
The variations as shown by the miner’s com- 
pass, termed “ dips,” were observed on this 
compass held in the hand generally in the 
plane of the meridian, hence the instrument 
would face east and west. Sometimes ob- 
servations were made with the compass 
held at right angles with this position; that 
is, facing north and south, the instrument 
being always held in the hand and levelled 
by its own weight. 

The intensity of the magnetic force for 
the three positions of the compass above 
designated, was measured by the number 
of vibrations made by the needle in a unit 
of time, usually taken at } of a minute. The 
vibrations varied from zero to 60 in this 
time, 6 being the normal number due to 
the earth’s influence. No attempt was 
made to eliminate the earth’s attraction by 
neutralizing it with a magnet when the ob- 
servation was made, or by computation. 
Of course, when the compass faced north or 
south, this was partially accomplished, be- 
cause the earth’s attraction would then be 
nearly in the direction of the axis of the 





needle. It must be borne in mind that the 
great amount of friction in this form of 
compass renders the number of vibrations 
only a rude approximation to the number 
which would be indicated by a delicately 
mounted needle. 

There is no better instrument for observ- 
ing variations accurately than Burt’s Solar 
Compass; but it is too heavy for explorers’ 
use. I have found a convenient substitute 
for rough observations in the Pocket Dial 
Compass, which, used with a watch indica- 
ting local time, is rapid and sufficiently pre- 
cise. This instrument or the ordinary sun 
dial can also be used for running lines 
where there is no local attraction; for rough 
work I have used it instead of the Solar 
Compass. 

I hoped to have made some observations 
with properly constructed instruments, such 
as are used in determining the elements of 
terrestrial magnetism, in order to institute 
a comparison between accurate results and 
my own rude work; but the nature of such 
investigations requires more time than I 
Fortu- 
nately, Dr. John Locke made complete 
magnetic observations at several points in 
the Marquette Iron Region, which are re- 
corded in “Smithsonian Contributions to 
Knowledge,” vol. 3, pp. 25-27. One sta- 
tion was over magnetic rocks in Section 18, 
Town 47 north, Range 26 west, the geol- 
ogy of which he thus describes: ‘A load- 
stone in place broken into sharp angular 
fragments; here were two poles, 17.67 ft. 
apart, one attracting the north, the other 
the south pole of the needle.” Dr. Locke 
found the dip to be 42 deg. 53 min., when 
it should have been about 76 deg. The 
duration of 500 vibrations was 822 sec., 
when it should have been about 1,500 sec., 
and the calculated horizontal intensity was 
more than four times the normal force com- 
puted for that station. If Dr. Locke had 
occupied 500 stations on that section of 
land, he would have obtained different re- 
sults at each, often differing more from 
each other than the foregoing do from the 
normal forces. 

These observations, like all recorded ones 
that have come under my notice, have had 
terrestrial magnetism as their chief object; 
therefore the observers have avoided the 
very localities which to the geologist pos- 
sess the greatest interest—those where local 
magnetic attractions exist. Dr. Locke calls 
attention to the importance of magnetic sci- 
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ence to the geologist, and gives many inter- 
esting isolated facts bearing on the subject, 
particularly regarding the existence of mag- 
netite in volcanic rocks, where it usually 
occurs. 

Before dismissing the subject of instru- 
ments suited to magnetic surveys, I will 
call attention to a patent mariner’s compass 
made by E. 8. Ritchie, Esq., of Boston, in 
which the needle is entirely supported by a 
liquid having the same specitic gravity, 
thus giving it universal motion. A needle 
so mounted and having the earth’s attrac- 
tion neutralized by a magnet, should point 
directly towards a local magnetic pole when 
brought within its influence, thus accom- 
plishing with one observation and no cal- 
culations what requires at least two with 
the ordinary compass. For intensity Mr. 
Ritchie suggested the following mode: 
Time the needle from the instant of its 
being let off at 90 deg. to its passing the 
resting point. I am of the opinion that a 
valuable instrument for miners and explo- 
rers could be made on Mr. Ritchie’s plan. 

A modification of the ordinary compass 
has been made which accomplishes the 
same thing in part. The agate support is 
fitted to the needle by a sort of universal 


joint, which gives the needle a vertical 
range through half a quadrant in addition 


to its horizontal motion. The only one I 
ever saw was made from the design of the 
late Wm. J. Amsden, Esq., of Scranton, Pa., 
who made some valuable magnetic surveys. 
A pocket compass on a similar idea has 
lately been patented. A somewhat similar 
instrument has, I understand, been used 
for a long time in Sweden and Norway. On 
the same principle the ordinary surveyor’s 
compass indicates dips rudely. At the west 
quarter post of Section 7, Town 46 north, 
Range 2 west, being on the east side of 
Republic Mountain, | find marked on the 
U. 8. Survey plat: “End of needle dips } 
in., variation 62 deg. west.” 

C. F. Varley, Esq., the English Electri- 
cian, suggested to me that a portable elec- 
tro-magnetic apparatus could be constructed, 
with which might be determined the direc- 
tion and distance to the pole of a magnetic 
rock by some simple observations and com- 
putations. An instrument of this kind 
would have considerable value in connec- 
tion with magnetic needles, especially where 
the magnetic ore or rock was covered with 
considerable thickness of other material. In 
1867 Mr. Varley, with a view to detecting 


electric currents, if any existed, made some 
observations both in the copper and iron- 
bearing rocks of Lake Superior; he found 
such currents in the mines of native copper, 
but none in the iron mines. ‘The instru- 
ments employed were rude, having been 
extemporized on the spot. I do not know 
whether he has published anything on this 
subject or not. 

Passing from the instruments employed 
to the field in which they were used, the 
following geological sketch will give a 
general idea of its character from the mag- 
netical stand-point : 

Rocks of the four oldest geological epochs 
yet made out on this continent are repre- 
sented on the Upper Peninsula of Michi- 
gan; two belonging to the Azoic, one to the 
Lower Silurian, and one between these, of 
questioned age. The equivalency of these 
with the Canadian series has not been fully 
established, but the nomenclature of the 
Canadian geologists will be employed pro- 
visionally. 

The Laurentian of the Upper Peninsula 
is like that of Canada in being largely 
made up of granitic-gneisses, but differs in 
containing no limestone so far as I have 
seen, and little, 1 may say practically no 
| iron ore, and very little disseminated mag- 
|netite. Next above the Laurentian, and 
resting on it non-conformably, are the 
Huronian or iron-bearing rocks; these are 
called also by the Canadian geologists the 
lower-copper-bearing series. ‘This series 
are made of several plainly stratitied beds 
|of iron ore and ferruginous rock, varying 
| in the percentage of metallic iron from 15 
to 57 per cent., interstratified with greenish 
tough rocks, in which the bedding is often 
obscure, which are apparently diorites, 
more or less altered; together with quart- 
| zites (which pass into marble), clay slates, 
mica schists, and various obscure magne- 
sian-schists. The whole maximum thick- 
ness in the Marquette Region is not far 
from 5,000 feet. Pumpelly and Croedner 
make them much thicker farther south. 

While the great Huronian area of Cana- 
ada north of Georgian bay bears, so far as 
I am aware, little or no workable iron, and 
derives its economic importance from its 
ores of copper, the Marquette series, sup- 
posed to be of the same age, are eminently 
iron bearing, and have as yet produced no 
copper. It is doubtful if in the same 
extent and thickness of rocks, anywhere in 
the world, tnere is a larger percentage of 
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iron oxide than in the Marquette series. 
In the order of relative abundance so far as 
made out, the ores are the specular hema- 
tites, magnetites, and soft or brown hema- 
tites. These all exist in workable beds, 
and all as disseminated minerals in rocks 
usually silicious. The geological distribu- 
tion of these ores of iron in the Huronian 
series will be considered in another place. 
The geographical distribution is less under- 
stood; so far there seems to be the greatest 
concentration of magnetic ores in the Michi- 
gammi District of the Marquette Region. 
From this, the relative proportion of magne- 
tite seems to decrease as we go east, north 
and west, and probably south, although 
there is a considerable magnetic attraction 
in the Menomonee or southern iron region. 

Next younger than the Huronian are the 
copper-bearing rocks of Keweenaw penin- 
sula, which extend westward into Wiscon- 
sin, the age of which has led to much con- 
troversy ; good authorities having placed 
them in different epochs, from the Azoic to 
the Triassic. Recent observations made by 
Prof. R. Pumpelly aad myself go strongly 
to confirm the view, if we have not posi- 
tively demonstrated it, that they are non- 
conformably overlaid by the Silurian, and 
therefore related to the Azoic. The rela- 
tions of the copper-bearing rocks to the Hu- 
ronian are not fully made out. In tracing 
the dividing line from Bad River in Wiscon- 
sin to Lake Gogebic, Michigan, last fall, a 
distance of 60 miles, Prof. Pumpelly and 
myself found them nearly, if not precisely, 
conformable, but widely different in litho- 
logical character. 

With regard to the magnetism of the 
copper-bearing series, the United States 
Surveyors mark considerable variations in 
several places in the Land Office plats, due 
in all probability to disseminated magnetite 
in the trappean members of the series, al- 
though good authorities have ascribed these 
variations to electric currents. My own 
observations on the magnetism of these 
rocks have been limited, but lead me to 
believe that it is far less in amount and less 
persistent in character than is usually the 
case in the Huronian, indicating that the 
magnetite (to which I ascribe the attrac- 
tions) is perhaps an accidental rather than 
essential constituent, and small in amount. 
Macfarlane found less than one per cent. in 
one of the Portage Lake traps. 

The next series of rocks in ascending or- 
der are the horizontally-bedded Lower Silu- 





rian sandstones which skirt the south shore 
of Lake Superior, nearly its whole length, 
called, by Foster and Whitney, Potsdam, 
and assigned by the Canadian geologists, 
under the name St. Mary’s, to a later period. 
They have not been proven to be magnetic, 
although strong magnetic attractions have 
been observed over this Silurian area, as 
will be explained hereafter. 

To recapitulate, we have: 1. The Lau- 
rentian granite and gneiss, practically non- 
magnetic; 2. The Huronian iron-bearing 
rocks, generally highly magnetic; 3. The 
copper series, slightly magnetic; and 4th. 
The Silurian rocks, without magnetisin. 
This classification is intended to apply more 
particularly to the rocks of the Marquette 
and Menomonee regions proper, embracing 
the central and southern portion of the Up- 
per Peninsula; and even here, as has been 
noted above, under Huronian, there are 
exceptions. This sketch of the Marquette 
rocks, in the light of the distribution of 
magnetite, would be incomplete, did I not 
mention the fact that this mineral is very 
generally present in the form of fine sand 
in the drift in the region I am describing. 
If one moves a magnet about in the sand of 
a creek it is rarely that magnetic sand will 
not be found adhering. I have never seen 
it accumulated in quantities that would 
point towards its being utilized; nor have I 
ever observed a magnetic attraction which I 
ascribed to the mineral in this form. 

We will now return to the Huronian or 
highly magnetic series, taking up its struc- 
ture in detail. About 19 lithologically dis- 
tinct beds or strata make up the series; of 
these, 6 and probably 7 are so magnetic as 
to cause considerable variations in the nee- 
dle. These beds vary from 40 to several 
hundred feet in thickness, and strike and 
dip in all directions, and at all angles. The 
prevailing strike, however, is easterly and 
westerly, and dip at high angles, often ver- 
tical. These rocks often outcrop, when we 
have no use for the magnetic needle in 
their study. Again, they are covered by 
deep drift, where magnetic observations or 
workings can only reveal them. 

In order to study the magnetic character- 
istics of these rocks more minutely than 
could be done in the field, two hundred 
and twenty-two specimens covering all the 
more common varieties, were collected and 
are deposited in the cabinet of the Univers- 
ity of Michigan; they are fully described 
in the chapter on lithology of my Geologi- 
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cal Report. Fifty-four or twenty-four per 
cent. were found to possess some degree of 
magnetic power as manifested by their in- 
fluence on a magnetic needle ; each speci- 
men being in turn made to touch each end 
of a mounted needle. If it had the power 
to lead it 20 deg. from its normal direction, 
the specimen was said to be feebly magnet- 
ic, and strongly magnetic when the needle 
followed the specimen round the circle if 
held about half an inch from it. Of the 
fifty-four specimens, thirteen were feebly 
magnetic, twenty-nine magnetic, five de- 
cidedly magnetic, and seven strongly mag- 
netic. None would, however, lift ordinary 
carpet tacks. Twenty-four, or nearly one- 
half, possessed polarity in some degree. 
Thirty were simply magnetic, with no polar- 
ity that could be detected by the rude means 
employed ; in some instances the specimen 
would repel the needle at half an inch dis- 
tance, but would attract it if placed in con- 
tact. Such specimens were rated as pos- 
sessing polarity. All of the strongly mag- 
netic specimens were rich in magnetite and 
possessed polarity, and it is not improbable 
that all would have been found to possess it if 
tested by more delicate means. Von Cotta, 


however, speaks of magnetic iron ore which 


had no polarity. The specimens generally 
attracted the south pole more strongly than 
the north, When examined, they had 
been collected about three months. Wheth- 
er they would have shown more or less mag- 
netic power if examined when freshly 
broken, I do not know. Dr. Kitchell says 
that under certain circumstances fragments 
gain magnetism. 

In 1860 I saw a powerful loadstone for 
its size, in the possession of Professor Tre- 
go, of Philadelphia, which he had picked 
up in New Jersey twenty-two years before. 
I once collected a number of pieces of load- 
stone in the Bull Mine, New York, which 
in the mine would lift small nails; in a few 
days two-thirds of them had lost this 
power. This may have been due to the fact 
that in the mine the nails themselves were 
magnetic by induction. 

As to the location of the poles in magnetic 
rocks, the laws of magnetism would make 
them near the surface or next divisional 
planes or terminations of masses. Observ- 
ers are generally agreed that iron ore is 
most magnetic near dykes of volcanic rock. 
Quoting again from Dr. Kitchell, ‘“ Geology 
of New Jersey,” p. 535: “ The extent of the 
magnetic qualities of iron ores depends on 





their position with respect to the surface; 
the nearer to the surface the greater will 
be their magnetic properties. This appears 
to depend on the action of surface water 
and atmospheric agents, for it has been 
frequently observed that ore, when first 
taken out of a mine at aconsiderable depth, 
possessed but slight magnetic properties, 
but on being exposed to the atmosphere 
for a few months or years it would increase 
so much that excellent specimens of load- 
stone for experimental purposes could be 
selected therefrom. Seams of ore that con- 
tain numerous joints and fissures, through 
which water and atmospheric agents pass, 
possess more decided magnetic properties 
than those which are more compact and 
free from crevices and fissures.” 

These remarks of Dr. Kitchell possess 
much interest; I have made no precise ob- 
servations on this point. 

Classifying the magnetic ores and rocks 
of the Marquette Region economically, the 
merchantable ores, according to the present 
standard of richness, would not constitute 
two per cent. of the whole; the balance 
being ferruginous quartzites and schists 
possessing no present value as ores. The 
merchantable magnetic ores have so far 
been all found in one formation near the 
middle of the series, and that is not all pure 
ore by any means; therefore, when an ore- 
hunter finds an “ attraction” in the Lake 
Superior region, the chances of his having 
found a mine are not more than one in fifty 
Neither the strike nor dip of the formation 
seems to affect its magnetic power. This 
depends, so far a my observations throw 
any light on the question, chiefly on the 
percentage of magnetite entering iilto the 
composition of the rock. Prof. Cook—“ Geo- 
logy of New Jersey,” pp. 537-8—says that 
the magnetism of iron ores was influenced 
by the “pinch and shoot” structure so pre- 
valent in the iron mines of New York and 
New Jersey. He points out the analogy be- 
tween these regular pod-shaped masses— 
“ shoots” of ore,—pitching downward in a 
northerly direction and an iron bar in the 
same position, both become magnetic and 
have polarity. 

The “pinch and shoot” structure, if it 
exists in the magnetic ores of the Marquette 
Region, is obscure, and in strike and dip 
there is no parallelism between our rocks 
and those of New Jersey, as is shown else- 
where. Yet our ores must usually be more 
strongly magnetic than those of New Jer- 
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sey ; for Prof. Cook says: “ It is generally 
conceded that ore, covered by 30 ft. of earth, 
will attract the needle, and ‘large veins’ 
have disturbed it when covered by 50 ft. 
of earth.” Now at five and even fifty times 
these distances horizontally, the needle is 
often deflected in the Marquette Region. 
Having now described the instruments 





employed and mode of using them, as well 
as the field of operations, we are prepared ! 
to consider the results obtained, and to! 


estimate their value to the explorer, miner, 
and geologist. Unfortunately, the charts 
which best illustrate the subject are not yet 
engraved, and will be so large as to pro- 
hibit their use in this form; they will ap- 
pear in my geological report. 

Under this head we will consider: 

lst. Variations or deflections of the hori- 
zontal needle from its normal direction, 
under the influence of local magnetic attrac- 
tion. 
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This is well illustrated by Fig. 1, which 
is a magnetic plan of the west end of the 
new Washington mine, embracing Pit No. 
10. The dotted line represents an outline 
of the workings; the ore dips 30 deg. to 
the north-west. 

The arrows indicate the direction in 
which the needle actually pointed at each 
station. They leave no doubt as to the 
approximate position of the line of maxi- 
mum variation which must be over or 
nearly over the magnetic mineral producing 
the effect. The observations for intensity 
by vibrations, marked VY. 17, V. 13, V. 11, 
and V. 8 (6 being the normal number), 





confirm the variations. The decrease in 
intensity toward the north-east is probably 
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due to greater depth of earth in that direc- 
tion, which removes the needle further 
from the ore, thereby giving the ore less 
power over it. 

Of course, the direction in which a needle 
rests at any point is the resultant of all the 
forces acting on it, including that of the 
earth. If the latter be neutralized by an 
artificial magnet, then the needle should 
point toward the local pole as near as its 
mode of suspension would permit. If there 
be two or more local poles, which is the 
more common case, then the needle should 
stand between, inclining toward the greater. 
It is evident that thera are a number of 
local poles in the locality represented in 
the diagram. 
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The distance to which a given local mag- 
netic pole will affect the needle will depend, 
Ist, on the strength or intensity of attrac- 
tion possessed by such pole; and, 2d, on 
the direction from the pole to the needle. 
If a needle be carried south of a local pole, 
it will not vary, no matter how strong the 
attraction exerted, because the earth’s forces 
and the local force act in the same line and 
same direction. If the needle be placed 
north of the same pole, there will be no 
variation until it is so near the local pole 
that its force overbalances that of the earth, 
when the needle will turn around, causing 
a variation of 180 deg. 
west, the local pole will exert its maximum 


influence, and will attract the north end of | 


the needle toward itself in some ratio of 
the distance. The influence of the mag- 


If moved east or | 


{ 
‘netic rocks at the Republic Mountain has 


been observed at a distance of 2,500 ft. 
horizontally. 

It is evident from this that a range of 
magnetic ore or rock, running east and 
west, would produce least variation, and 
one running north and south, or near that 
direction, would produce most variation, a 
principle of practical value to the explorer. 

If, lastly, the needle be placed directly 
over the local magnetic pole, it is evident 
that no variation will be produced, as the 


effect of the local pole would be entirely 


neutralized by the centre pin of the com- 
pass. A dip needle would, on the contrary, 
be most influenced by a pole so situated. 
2d. The deviations in the dip compass, 
termed “dips,” are well shown in Figs. 2 
and 3, which represent north and south 
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sections across the Champion Mine deposit. | magnetic bed will present two lines when 
The arrows indicate the actual directions | the dip will be 90 deg. One immediately 
assumed by the needle, when permitted to over the bed and the other to the north of 
swing in a north and south vertical plane. | the first, at a point where the mechanical 
The significance of these dips, taken in| resultant of the earth’s force urging the 
connection with the rocks shown by the | needle north, and the local force urging it 
geological sections beneath, is plain. Fig. | south, balance each other in a vertical line. 
2 represents one magnetic formation—the | This northerly line of 90 deg. attraction, 
Champion bed itself. Fig. 3 represents | does not indicate ore underneath, but simply 
three magnetic formations, the richer and | ore somewhere to the south. Considerable 
most highly magnetic being the Champion | money has been wasted and will be wasted 
deposit shown in Fig. 2. An inspection of | in the Marquette Region, from neglecting so 
these figures, and a consideration of the laws | simple a principle. 

of force, make it evident that every highly | It is evident from the plan and sections 
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shown by Figures 1, 2, and 3, that the north 
end of the needle almost universally points 
towards the ore. This law may be more 
broadly stated by saying that the upper 
portion of any and every piece of cast or 
wrought iron, or non-magnetized steel, or 
mass of magnetite, is a south pole and the 
lower part a north pole. 

3d. The relative intensity of the magnetic 
force resident in the rocks under considera- 
tien, was approximately measured, as has 
been explained, by the number of vibrations 
produced in the needle in quarter of a min- 
ute, as gravity is measured by the vibrations 





| the needle in the unit of time. 


of the pendulum. The intensities as indi- 
cated by the dip compass needle on the two 
sections of the Champion Mine, are shown 
in Figs. 2 and 3 by the upper irregular 
curves, the ordinates of which are directly 
proportional to the number of vibrations. 
It is a law of magnetism that its force 
diminishes like light, that is, as the square 
of the distance; which may be expressed by 
saying that magnetic force is as the 
square of the number of vibrations made by 
Therefore 
these curves, striking as they are, indicate 
far less variation in the relative force than 
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actually exists. Under the influence of the 
cosmical force alone, the needle vibrated but 
six times in the unit of time, which was 
taken at a quarter of a minute. When the 
dip compass was placed a certain distance 
north of the magnetic rocks, the curves show 
the vibrations to be less than the normal 
number. This may be explained in the same 
way that the northerly line of 90 deg. at- 
traction was accounted for. For it is evident 
that there must be some point to the north 
of every mass of ore or magnetic rock, when 
the earth’s attraction would be exactly bal- 
anced by the local force; hence at this point 
the needle would stand indifferently in every 
direetion and would not vibrate. 

All the observations for intensity above 
considered were taken at an elevation of 4 


ft. from the surface. Sometimes the rocks 





eame to the surface, sometimes there were 
several feet and perhaps yards of drift be- 
tween ; it is therefore an important practical 
question to ascertain what effect different 
elevations of the needle have on the num- 
ber of its. vibrations. 

The difficulty of attaining any consider- 
able elevation from which to observe inten- 
sity, renders our observations on its rate 
of diminution due to elevation or vertical 
distance of little value. The theory of the 
sphere of attraction and law of decrease of 
force, as the square of the distance from 
the centre, has been mentioned; but with 
several local forces acting on the same point 
(the case usually presented in nature), the 
law is greatly modified ; the decrease being 
in a less ratio. This subject possesses espe- 
cial interest in connection with the determi- 
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nation of the depth at which magnetic rocks, 
producing a given disturbance, will be 
found ; therefore, the few observations made, 
unsatisfactory though they are, will be 
given. At Republic Mountain a staging 
was erected in the windfall, by means of 
which eight equidistant observations were 
made ; the lower one on the magnetic schist, 
the upper one 14 ft. above ; the results were 
as follows: 








Vibrations, 





Elevation 


in feet. Facing 


west, 


Facing 
north, 





56 
41 
33 
2734 
19 
15% 


18 
12 


On surface of schist, 


0 
2 
4 
6 
8 
10 
12 
14 














At another point near the above and over 
the same magnetic rock, the following vi- 
brations were observed: 








Vibrations, 


REMARKS. 
Facing 





On surface of schist. 














The observations have all been represent- 
ed graphically, but as no law was appa- 
rent, and as the figures can be easily reprodu- 
ced, they are not given. The first table 
gave the most regular curve, but still too 
angular to attempt the application of a 
mathematical formula. They do not seem 
to me to afford a basis for calculation, as to 
how high the magnetic influence of these 
rocks could be detected. I have an im- 
pression, however, without being able to 
give any reason, that it would be consider- 
ably less than one half mile, which was 
shown tobe the distance to which the in- 
fluence of the same rocks extended horizon- 
tally. I cannot consider it probable that a 
dip would occur where an earth covering of 
over 2,000 ft. exists, if such a case were 
possible. At the Champion mine, by the 





aid of shaft house No. 2, an elevation of 44 
ft. above the ore was attained, and the fol- 
lowing observations made : 








Vibrations. 
Elevation 


: REMARKS. 
in feet. 


Ill. 


I. II. 


17 4 


17 
16% 





0 18 34 


18 19 
32 16 34 


Level of surface of ore 
in shaft 

Surface of ground. 

Girder of shaft house. 

Girder of shaft house. 


23 


17 
16 34 
15 

















At other points at the Champion mine, 25, 
32, 33 and 40 vibrations were observed, the 
compass being within 5 ft. of the ore. The 
diminution here is quite regular and nearly 
as the distance. Ifthe rate continue, the 
vibrations should reach the normal number 
(6 for the instrument used) at about 150 ft. ; 
butit is highly improbable that this law 
would hold for the whole height. 

The difference between the rate of dimi- 
nution at the two localities is very marked ; 
at Republic Mountain an elevation of 12 ft. 
in one instance reduced the vibrations from 
60 to 18}, in another 14 ft. elevation reduc- 
ed the number from 56 to 12. At the Cham- 
pion 44 ft. elevation made an average of 
less than 4 difference in the vibrations. 
In this comparison the following geological 
differences must be borne in mind. 

The Champion deposit at shaft No. 2 is 
a heavy bed of nearly pure black oxide 
running east and west and dipping north 
at an angle of 68 deg., and it is the only 
magnetic rock on that section. The 
Champion deposit loses its magnetism in 
going west, specular slate taking the place 
of the magnetite in that direction. The 
Republic Mountain bed over which the 
observations were made (No. X.*) is, on 
the contrary, a silicious schist, contain- 
ing not to exceed 33 per cent of mag- 
netite (the merchantable ores of Republic 
Mountain, of which there are large depo- 
sits, are in bed No. XIIL., and are mostly 
specular hematites). This magnetic bed X. 
is associated with others of a similar charac- 
ter, all striking north-west and south-eastand 
dipping nearly vertical. The specimens of 
these magnetic schists which were examined 
possessed marked polarity. The Champion 
deposit evidently contains more magnetite 





* The roman numerals refer to the order of the beds of the 
Huronian series counting upward from I. to XIX. 
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within the same sphere of influence than 
the Republic Mountain. 

There is no doubt that variations and 
‘dips are a much more delicate and ready 
means of observing slight magnetic attrac- 
tions, than vibrations observed with the 
rough instrument employed. In one in- 
stance at Republic Mountain the dip at 12 
ft. elevation was 30 deg., at 9 ft. 50 deg., 
at 6 ft. 70 deg., at 3 ft. 77 deg., at 0 or on sur- 
face of rock 105 deg. It appears that the 
magnetic poles of the Champion bed are more 
deeply seated than those at Republic Moun- 
tain, which seem to be at the surface. This 
may be due to the fact that the upper part 
of the Champion deposit is mined out. 
Sets of careful observations made for con- 
siderable heights, both for dip and vibra- 
tions, would possess great interest, espe- 
cially if made over beds of ore or rock, the 
position and character of which were known. 
Ina record of over three thousand magnetic 
observations made by me in Michigan, 
Missouri, New York and New Jersey, I 
have not in more than six instances found 
the needle in the dip compass above describ- 
ed to vibrate over 40 times ina quarter of 
a minute, and in no instance in which this 
rate was observed was the needle removed 
more than 5 ft. from the magnetic mineral. 
Of course in the same needle the vibrations 
will vary with the degree of magnetism that 
has been imparted to it, and the condition 
of the instrumentin other respects. I have 
had a rude standard, and when my needle 
fell below that it was overhauled, so that 
the numbers are relatively correct. I do 
not remember to have observed over 15 vi- 
brations in a quarterofa minute, or one per 
second, at a greater distance than 50 ft. from 
a magnetic bed, and usually this number 
of vibrations would indicate a distance not 
exceding 25 ft. in the Marquette Iron 
Region. 

The facts given above, with others in my 
possession, enable us to answer provision- 
ally the following practical questions : 

I. Can we by means of the magnetic 
needle determine the order of superposition 
or succession of beds of the iron-bearing 
rocks ? 

Comparing the magnetic sections obtained 
at the Republic Mountain and Champion 
mine, it is evident that, while there is con- 
siderable variation in the details, the salient 
features agree remarkably, pointing towards 
the same order and same lithological char- 
acter in the rocks. A number of other sec- 





tions made within 10 miles of the above- 
named localities, across the same belt of 
rocks, gave the same general result. 

It is therefore asserted with much confi- 
dence that where a magnetic section similar 
to these is found in the Michigammi dis- 
trict, a corresponding geological section will 
be found beneath the surface; and that, as 
a rule, there will be less difference in the 
magnetic sections than in the topographical, 
which we all know depends greatly on the 
underlying rocks. But whoever expects to 
find many places where so complete sections 
caii be obtained as these localities afford, 
will be disappointed, for they present rare 
opportunities for studying the structure and 
magnetism of the Huronian series. 

In places the covering of the drift will be 
so deep as greatly to reduce the intensity, 
making it exceedingly difficult to observe 
with ordinary instruments, as was the case 
at the Cannon location. Again, the 
lower magnetic rock, beds VI., VIII, and 
X., are in places far less magnetic, contain- 
ing sometimes very little magnetite, as is 
the case south of the Washington mine. In 
other places the lower magnetic rocks may 
be entirely wanting, owing probably to a 
fault, as at the west end of the Champion. 
On the north shore of Lake Michigammi 
there is a magnetic bed above XIII. (the ore 
formation),being younger than any member 
of the Republic Mountain series. In other 
places XIII. is wanting, and when present 
it is sometimes highly magnetic, as at the 
Champion, and again it holds very little 
magnetite, as at Republic Mountain, the 
pure ore there being mostly specular hema- 
tite, as has been elsewhere observed. With 
all these uncertainties, the results of mag- 
netic surveys cannot but be valuable in the 
exploration and development of iron proper- 
ties, and in the solution of all questions of 
structural geology in regions of magnetic 
rocks. In such rocks their value to the 
geologist is only second to topographical 
work, and, considering the cheapness of 
magnetic surveys, they may often pay best 
if means be limited. 

Such investigations, if made with pre- 
cisiun, ought to throw light on the litholo- 
gical character and intricacies of structure 
of these rocks, and on the nature of the 
magnetic force resident in them. This 
could not, however, be undertaken; the 
work done is more than was contemplated, 
and more than was justified by the means 
at my disposal. 
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II. Is it possible to determine quality— 
a. e. the percentage of iron—in a magnetite 
rock by means of the magnetic needle ? In 
other words, can the needle alone make us 
sure we have a workable deposit of ore un- 
der our feet ? 

This is the most important practical ques- 
tion connected with this subject, and is the 
one constantly presented to the miner and 
explorer. Magnetic observations should al- 
ways be made in connection with topograph- 
ical and geological surveys; whether these 
take such names, and are based on instru- 
mentation, or whether they be such rude 
work as the explorer is constantly doing, 
but which are as much topographical and 
geological as the other, and often quite as 
valuable. A judgment on the commercial 
value of a magnetic bed for mining purposes 
should, of course, be based on all the facts 
available. If nothing more was known than 
what the magnetic needle revealed, I would 
say that it was impossible to tell with cer- 
tainty whether it was merchantable ore or 
magnetic rock which produced the phenom- 
enon. In the Marquette Region, as has 
been before observed, the chances are at 
least fifty to one that a worthless ferruginous 


rock was the cause of any observed attrac- 
tion. But this case never occurs ; we always 
know something more than the needle re- 


veals. One of the most important uses of 
the needle, and one for which it can within 
certain limits be depended on, is in tracing 


magnetic beds in the direction of their strike | 


until some outcrop, which may give us the 
informatiou sought, is found. I have in 


this way traced magnetic beds for many | 
| better, two other positions, and repeat the 


miles both in the Marquette Region and in 
New York and New Jersey. 

Preparatory to the examination of any 
particular range of ore, the explorer should 
thoroughly study up with his own instru- 
ment the phenomenon presented at some ex- 
posed or developed part of the range. This 
will give him data relating to variations, 
dips, and vibrations, which can be used 
where the rocks are covered and unknown. 
By means of the quickness of the vibrations, 
or of the rapidity with which they decrease 
as the compass is elevated, he may judge 
approximately of the depth of the drift, and 
so of other phenomena. 

III. Does the magnetic needle afford the 
means of determining the absolute thickness 
of a bed of magnetic ore or rock ? 

My observations do not permit an affirm- 
ative answer to this question, especially if 








there be much earth covering. A study of 
all the magnetic sections which have come 
under my observation indicates that, while 
in some instances the comparative width is 
plainly shown, the boundaries between the 
magnetic and non-magnetic rocks are not 
generally brought out s-ifficiently to warrant 
a definite expression as to thickness. We 
should expect this, because the magnetic 
influence is centred in the poles of the mass- 
es, and towards such points the needle tends 
to turn. 

IV. Can we by means of the magnetic 
needle ascertain the direction and depth of 
a local magnetic pole? In other words, can 
we determine the thickness of rock or earth 
covering which overlies a given magnetic 
rock ? 

Often I think we can, with much preci- 
sion, locate a point in the surface overit and 
determine its depth, making what may be 
called a magnetic triangulation. Proceed 
thus: Remote from any magnetic rocks, 
neutralize, by means of a bar magnet, the 
earth’s influence on the needle of a solar 
compass. The needle will then stand indif- 
ferently in all directions, and will not vibrate. 
Record carefully the distance and position 
of the neutralizing magnet; the compass is 
then ready for use. Set it up near the mag- 
netic pole to be determined, and fix the mag- 
net in exactly the same relative position it 
had before. The earth’s directive power on 
the needle will again be neutralized, and the 
needle will point as near towards the local 
pole as its mode of mounting will permit ; 


| mark the line indicated by the needle on the 


ground; remove the compass to one, or, 


operation. If there is no other local force 
to interfere, the three lines must intersect in 
one point, which will be directly over the 
pole whose position is sought. By using a 
dip compass in a similar manner, it is evi- 
dent that the data to determine the depth, 
by the simple solution of a triangle, would 
be obtained. 

A magnetic needle having universal mo- 
tion, such as was described above, would 
evidently determine both position and depth 
at the same time; but a solar compass 
must be used to fix the position of the arti- 
ficial magnet used in neutralizing the earth’s 
face, or it may be fixed by an observation 
on the North Star, or from a meridian line 
brought in from a non-magnetic area. 

V. When considering the magnetism of 
the rocks of the four great geological epochs 
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represented on the Upper Peninsula of 
Michigan, I observed that considerable 
magnetic variations were noted by the 
Federal surveyors, over rocks of Silurian 
age, which had never been observed to be 
in themselves magnetic. In some instances 
these variations had been observed over a 
limestone, supposed to be Trenton, and at 
a distance of 75 miles from the nearest 
Huronian, or other (known to be) magnetic 
rocks. 

This phenomenon may be due either: 1, 
To the presence of magnetite in such rocks, 
due to local metamorphism or other cause. 
2, To accumulations of magnetic sand in 
the drift ; or 3, To the underlying Huronian 
rocks, which may be supposed to exert their 
influence up through the overlying Silu- 
rian.* 

Without having made a study of any of 
these localities, I incline decidedly to the 
latter hypothesis, as embracing the known 
facts better than either of the others. 

Should this prove true—and I hope to 
settle it the present season—it may lead to 
a novel and interesting application of the 
science of magnetism to some of the most 
important questions of geology—the deter- 
mination of the thickness of sedimentary 
rocks by magnetic triangulation in places 





where it would otherwise be difficult to ar- 
rive at such thickness. It might also en- 
able us to work out the structure and distri- 
bution, in a rough way, of these oldest 
rocks which underly great Silurian areas, 
which would in no other way be possible, 
thus throwing light on the nature of the 
rocky bottom of the ancient seas. 

On the same principle we can, of course, 
trace magnetic iron belts under water. I 
have in many instances made very satisfac- 
tory magnetic observations from a canoe in 
the inland lakes of the Upper Peninsula. 

The bottom of Lake Superior may be 
partially mapped out in the same way. Silt 
and sand will make no difference with the 
needle; it looks through everything but 
iron. 

I have endeavored above to set forth 
plainly just what has been done and the 
results obtained, and to call attention to 
those principles which underlie the use 
of the magnetic needle in exploration for 
iron ores. It must be borne in mind that 
the time and means at my disposal were 
meagre, my instruments imperfect, and I 
had no precedent to follow. 

I am persuaded that the subject is worth 
the attention of the explorer, miner, geolo- 
gist, and physicist. 





THE POLLUTION OF RIVERS BY CHEMICAL MANUFACTURES. 


From ‘The Engineer.” 


The late lamented Professor Faraday was 
celebrated amongst other qualities for taking 
a poetical and imaginative purview of seem- 
ingly non-poetical things. Not bending to 
the dictum formally enunciated a few days 
ago by Professor Tyndall at the Royal 
Academy dinner, that whereas painters 
worshipped nature for her beauty, philoso- 
phers worshipped nature for her order and 
her truth, it was a happy faculty of the great 
philosopher to see in the order and truth of 
nature the highest attributes of beauty. 

In one of Faraday’s poetically discursive 
lectures, during which the great philoso- 
her’s imagination gave itself the very fullest 
cense to revel without overstepping the 
boundaries of truth, he expatiated on the 
beneficence of nature in only allowing the 
harmless elementary bodies and their in- 
nocuous compounds to present themselves to 


. 





* Rocks, earth, water, and air are equally transparent to 
magnetic rays, 





the world in their free state, or, as the 
reper rated put it, “unchained.” He led 

is audience away enthralled to contemplate 
what the result would have been, for in- 
stance, if the element chlorine, instead of 
being imprisoned and made harmless in com- 
mon salt and other naturally occurring 
chlorides, had been allowed to pervade ani- 
mal and vegetable nature in all the full 
power of its uncontrolled energy. Following 
out the idea, he passed the remaining ele- 
ments one by one in review, to demonstrate 
that which every reflective mind soon recog- 
nizes to be the truth, viz., that in the world’s 
economy, only those elements are met with 
in a free state that, like oxygen and nitrogen, 
carbon and sulphur, can wreak no destruc- 
tion on living things. 

Exactly so; but, fortunately or unfortu- 
nately, just as one’s temperament predisposes 
him to apprehend the case, many naturally 
noxious things become useful when under 
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control ; and thus it is emphatically of cer- 
tain noxious elements, and compounds of 
elements, which man has emancipated from 
what Faraday termed their bondage, and 
without the aid of which under due control, 
much of our civilization would decline into 
the barbarism of times long gone by. Pro- 
minent amongst these noxious elements is 
chlorine, an element which chemists have 
set free from its prison house this many a 
long year, and without the aid of which 
many of the most important chemical manu- 
factures could not be prosecuted. Without 
chlorine the process of calico bleaching, 
instead of being an operation of hours as 
now, would occupy weeks, or even months, 
as heretofore. Without chlorine some of the 
most refined processes of calico printing, as 
that of discharge for example, would be 
abolished; and as for the paper-makers, 
deprive them of the aid of chlorine, and 
their present means of turning to account 
some of the most approved paper-making 
materials would have come to an end. 
These are facts, and it may be just as well 
they should be maturely reflected on by 
those amongst British legislators who are 
so strenuously bent just now on the main- 
taining of British rivers in a state of primi- 


tive Arcadian purity, and on the well-being 
of fresh water fish. The problem of having 
your cake and yet eating it, has no more 
been solved than that of squaring the circle, 
or accomplishing perpetual motion; but 
certain British legislators would seem to 
have been taking up the problem with new 


hopes. ‘To check or embarrass the prose- 
cution of industrial art would be so mani- 
festly opposed to British national welfare 
that the warmest advocate of fresh water 
pisciculture would not overtly acquiesce in 
it; but we feel assured if the desires of some 
gentlemen and their supporters are fully 
carried out such must be the inevitable re- 
sult. One cannot have his cake and yet 
eat it. Arcadian purity of running streams 
is an agreeable condition to ruminate over, 
but, we fancy, one not possible of realiza- 
tion out of a non-manufacturing Arcadia. 
Were the unsullied purity of running water 
to be accepted as the condition of first im- 
portance in every locality and under every 
possible condition, then it will soon become 
evident that many other operations besides 
those of chemical manufacture would have 
to be stopped. Mining, for example, is a 
case in point. The wash and debris of al- 
most every mineral ore is injurious to fish 





and to vegetation. The debris and wash 
of copper mining are especially noxious, for 
the reason that copper is one of the metals 
that tend by exposure to air and moisture 
to generate soluble compounds, it being an 
axiom in toxicology, that in direct proportion 
to the solubility of a thing naturally poison- 
ous is its power to do mischief. Nobody 
dreams of shutting up a productive copper 
mine because a neighboring stream has 
diminished in Arcadian purity. When all has 
been done that can be done to ameliorate 
the evil the noxious balance is accepted as 
the inevitable, and patiently borne like 
many other evils for the sake of a counter- 
balancing measure of good. We do not 
deny that Parliamentary action has done 
excellent service in imposing salutary re- 
gulations for the conduct of certain manu- 
factures, the bye products of which without 
due control are injurious. The most pro- 
minent case in point is that of the soda 
manufacture, the bye product (muriatic acid) 
of which, if liberated into the air, as it used 
to be liberated before the ingenious and 
effectual process of liquid condensation by 
wet coke stacked in the tall chimneys, was 
so fatal to vegetable life as to prove more 
than a nuisance—a ruin for miles around. 
Here was an example of judicious legisla- 
tive control; but even now Parliament has 
not succeeded in preventing the condensed 
muriatic acid percolating more or less di- 
rectly to the nearest accessible watercourse. 
However, the aérial nuisance was so great 
that no one now complains of the alterna- 
tive. The Smoke Consumption ‘Act also 
has been of some avail, though even in 
respect of this we are of opinion that cer- 
tain special trades—that of baker, for in- 
stance—are expected to accomplish, under 
pressure of the Smoke Act, that which is 
well nigh incapable of accomplishment. So 
far well; but reverting to the would-be 
Arcadian’s aims and aspirations, we do not 
see how they can be carried out without in- 
flicting serious prejudice, if not, in some 
cases, stopping altogether the prosecution 
of many chemical manufactures. The con- 
dition is especially hard for the paper-mak- 
ers. Without chlorine they cannot get on 
at all, and of all industrial arts this is per- 
haps the one that most of all needs for its 
due prosecution a profuse supply of water. 
It would be desirable, of course, if possible, 
that a stream should flow from a paper 
mill as free from extraneous matter as on 
its entrance. This, however, does not lie 
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within the bounds of possibility. Just as 
reasonable would it be to expect that the 
contents of a laundress’ wash-tub should 
be as uncontaminated after a wash as be- 
fore. Aiter all, it may be as well that 
Arcadian enthusiasts should remember the 
fact, that, amongst the other purposes for 
which water was given to the world, not the 
least important or the least obviously indi- 
cated is that of a detergent. Inasmuch as 
annihilation is impossible, then it follows 
that if man, in furtherance of his legitimate 





needs, brings the elements from their pre- 
vious lurking places and makes them work, 
when the work is done he must dispose of them 
somewhere, all Acts of Parliament notwith- 
standing. In the great majority of cases 
he has only the choice of two modes of 
disposition—air and water. Of the two, 
it admits of demonstration that water is 
most eligible. Better of the two, that fish 
should sicken or even die than the lungs 
of man should be diseased and vegetation 
perish. 





THE MANUFACTURE AND WEAR OF RAILS. 


(Continued from page 95.) 


Mr. H. Conybeare was of opinion that 
the section of a rail materially afiected its 
duration, and that this was especially the 
case as regarded the design of the head and 
of the upper surface or wheel-track. It 
was obvious that each portion of the rail 
had its special and definite functions and 
conditions to fulfil, and a careful consider- 
ation of the character of these should supply 
rules that would regulate with certainty the 


contours and the dispositions and scantling 
of the metal in every portion of the section, 
that would best conduce to the fulfilment of 
such conditions. 

Some years ago, having occasion to de- 
sign the rails for Irish and Welsh railways, 
he had collected, with a view to determine | 


the best form of rail, all the sections he 


England the double-headed section and the 
chair road had long been obsolete, and he 
thought it was much to be regre ,tted that it 
was not so in this country. It was ob- 
viously essential to the perfection of any 
system of permanent way, that the jointing 
of the rails to each other, and the mode of 
attaching the rail to the sleeper, should be 
of such a description as to insure absolute 
uniformity of gauge and of cant, and such 
as to admit of no jar, shake, or movement, 


iwhich might loosen the fastenings, and 


thereby induce hammering and concussion, 


| Which must conduce to the disintegration of 


the bearing suriace of the rail, and to the 


| injury of the roiling stock ; and judged by 


this canon, a Vignoles rail, directly fastened 


_ by fang-bolts into beds planed by machinery, 


could obtain from the Welsh iron-works, | 


and the London metal-brokers; and he 


compared and collated these with a view | 
to ascertain the extreme range of the vari- | 
ations in practice, and the limits of economy | 


and practicability in manufacture. He also 
calculated the strain to which each portion 
ot the section was subjected, and considered 
the conditions it had to fulfil, and the extent 
to which these conditions were complied 
with in each example. 
endeavored to establish definite rules which 


Having done so, he | 


in rectangular sleepers, was as superior to a 
road in which chairs intervened between the 
rail and the sleeper, as the best road of 
the latter description was to the old stone 
sleepered and unfished chair road. As re- 
garded the weight of the rails, it was pos- 
sible to make them too heavy; for modern 
rails failed, not. through their deficient 
strength as girders, but through the defi- 
cient homogeneity and hardness of texture in 
the bearing surface presented to the rails, 
which induced the lamination and hammer- 


should fix absolutely the contour and the | ing out of such bearing surface under the 
proportionate scantling of every portion of | concentrated pressure and violent impact of 


the rail section. These he had since car- | 


| the wheels. It was essential that the rails 


ried out in practice, and the results arrived | should possessan amount of vertical stiffness 
at were exhibited in the following diagrams | sufficient to confine their deflection under 


and Tables. 


diagrams, though also applicable either to | limits. 


It would be seen that the/the passing load within unobjectionable 


But any weight or vertical stiff- 


the T rail or the double-headed rail, referred | ness in excess of what would suffice to fulfil 
more especially to what was known as the | | this condition was absolutely injurious ; for 


Vignoles section. 


Everywhere except in as a certain amount of elasticity was essen- 
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tial to the durability of the rails, an 
excess of rigidity invariably tended to 
destroy the rail surface, by acting as an 
unyielding anvil placed beneath it, be- 
tween which and the hammering action 
of the driving-wheels the bearing surface 
of the rail was rapidly beaten out into 
lamine, and so destroyed; and _ the 
heavier the anvil the more rapid was the 
process of destruction. If extra weight and 
speed of traffic were to be provided tor, im- 
proved quality in the material was required 
rather than increased quantity,—a harder 
surface, not heavier metal. 

Thus the rails most remarkable for their 
longevity had been also most remarkable 
for their abnormal weakness and deftlecti- 
bility as girders ; for example, a length of 





25 miles or 30 miles of the original perma- 
nent way of the South Western Railway 
consisted of a 75 lb. rail, laid on transverse 
sleepers 5 ft. apart from centre to centre. 
The strength of such a rail as a girder was 
therefore only equal to that of a 57} lb. 
rail laid on 3-ft. bearings; and as, accord- 
ing to Barlow’s experience, the deflection of 


| 


the same rail, when supported on 5-ft. bear- | 
ings, was to its deflection when the supports | 
were 3 ft. apart, as 64 to 24, the flexibility | 


of this rail was threefold that of a 75 Ib. | 
rail on 3-{t. bearings. Here was, therefore, 
a permanent way abnormally weak and 
flexible, its strength being only equal to 
that of a 574 lb. rail on3-it. bearings, and 
its flexibility at least four times greater 
than that of a 75 lb. rail on 3-ft. bearings. 
When he last obtained particulars of this 
permanent way, these rails had been laid 
down for eighteen years, and were still in 
perfect order. He believed that more was 
lost than gained by increasing the weight 
of even a double-headed rail above 70 lbs. 
per yard, which appeared to him to be 
equal to the heaviest traffic; and with cross- 
sleepers equidistant from centre to centre, 
and with a section of equal weight per yard, 
a Vignoles road was stronger and stiffer 
than a chair road; for the bearing of the 
rail on a chair was only 3 in., which reduced 
the clear bearing only from 36 in. to 33 in., 
the square of which was 1,089; but the 
bearing of the Vignoles rail on machine- 
planed beds was from 9 in. to 10 in. accor- 
ding to the width of the rectangular sleep- 
ers used, which reduced the clear bearing 
to 27 in. or 26 in., the squares of which 
were respectively 729 and 676; and the 





strength being inversely as the square with 


the sleepers 3 ft. apart from centre to cen- 
tre, it followed that the strength as a girder 
of a Vignoles rail would be to ‘that of a 
double-headed rail of equal weight in a chair 
road (the sleepers being the same distance 
apart from centre to centre), in the ratio of 
1,089 to 729, or of 1,089 to 676, or nearly 
as3to2. He therefore considered that the 
weight of a Vignoles rail should never ex- 
ceed 70 lbs. per yard, nor be less than 65 
Ibs.; the minimum would be 62 lbs., if dog 
fastenings were substituted for through 
fang-bolt fastenings; but such a substitu- 
tion was, in his opimion, much to be depre- 
cated. 

The section of a rail admitted of three prima- 
ry subdivisions—the head, the vertical web, 
and the foot. The same division applied to 
the double-headed section, merely substitu- 
ting a second head for the foot. Thus, the 
principles on which the rail section, shown 
in Fig. 2, p. 47, as outlined, applied equally 
to the Vignoles and the double-headed sec- 
tions. 

The width of the head ranged in practice 
from 2; to2}in. The former was till late- 
ly the rule in England; but the flat-footed 
rails, which had almost superseded every 
other form of section on the Continent and 
in America, and which were rapidly gaining 
ground in England, were usually only 2} in. 
in width of head. Jn Mr. Brunel’s latest 
specification for a 75-lb. double-headed rail 
for the Eastern Bengal Railway, the width 
was only 2.3 in.; on the Grand Russian 
Railway it was 2.3 in.; on the Cape Rail- 
way and Swedish Government lines, the 
same; and the rail of the Kustendjie Rail- 
way, of the Royal Swedish, and many oth- 
ers, only 2.25 in. He considered 2.25 in. 
the proper width for lines with light and 
medium traflic, and 2.3 in. the maximum 
for lines with the heaviest traffic. In fact, 
it could be demonstrated that nothing was 
gained by increasing the width above 2.3 
in. If, indeed, the wheel-treads of the rails 
were horizontal planes, and the peripheries 
of the wheels truly cylindrical, so that the 
contact or bearing of the wheel with and on 
the rail were conterminous with the width 
of the latter, there would be a manifest ad- 
vantage in making such bearing surface as 
wide as possible. But in practice, the con- 
tact of the wheel and rail at any one mo- 
ment was merely that of a cone laid trans- 
versely on a cylinder, and such contact, in- 
stead of extending the whole width ofthe rail, 
would, were the materials unyielding and 





176 


VAN NOSTRAND’S ENGINEERING MAGAZINE, 





non-elastic, be a mathematical point without 
length or breadth; and, after allowing for 
elasticity, the actual contact at any one mo- 
ment had been stated by Mr. Brunel never 
to exceed } of an inch in width. He thought 
this an under-estimate; but, however that 
might be, it was obvious that the width of 
actual contact at any one moment could 
never amount to any considerable fraction 
of the width of the rail, and therefore that 
nothing could be added to the width of ac- 
tual contact, that could in any way diminish 
the stress of the wheel on the wheel-tread, 
by increasing the width of the latter beyond 
the limits he had laid down. By so in- 
creasing the width of the rail-head, the 
overhang or false bearing of the shoulder 
of the rail over the vertical web that sup- 
ported it was increased, and therehy, pro 
tanto, the cross strains to which the mate- 
rial of the rail was subjected. The contour 
of the wheel-tread was obviously the point 
of paramount importance. It was by the 
lamination at this surface that the rail per- 
ished. It was the weakest link in the 


chain, and one which, from the peculiar 
and exceptional conditions of the ease, could 
not be strengthened adequately. 


In ordinary cases of engineering, when a 
structure of given material was designed for 
the purpose of carrying a load, the amount 
of such load was first ascertained ; secondly, 
the ultimate strength of the material; and 
finally, an ample margin was allowed for 
safety. For example, the ultimate strength 
of wrought iron being 25 tons per sq. 
in., the load on a wrought-iron girder 
bridge was not allowed to exceed 5 tons 
per sq. in. But it was, unfortunately, 
impracticable to apply this rule to the ap- 
portioning of the bearing surface of the 
rails to the load on the locomotive driving- 
wheels. The case was a wholly exeeptional 
one in engineering; for not even the small- 
est margin for satety was practicable. It 
was impossible to avoid loading the bearing 
surface to an extent much greater per 
sq. in. than the greatest that any such 
material would be subjected to, if it could 
possibly be helped; for the point of contact 
of the wheels with the rail, supposing the 
material of both to be unyielding and non- 
elastic, would be nota surface at all, but 
merely a mathematical point, and the load 
on the driving-wheels of a locomotive was 
often 11 tons, the whole of which might at 
any moment be thrown by a jerk on a single 
rail. 





The only circumstance that could save 
the bearing surface from destruction under 
such an emergency was the elasticity of the 
wheel and the rail, which allowed the per- 
iphery of the former to flatten at its contact 
with the latter, and the rail surface to lap 
round the contact of the wheel, so as ‘to 
convert what would otherwise be a bearing 
point into a bearing surface; and it was 
desirable to encourage this action as much 
as possible, by giving the rail as much 
elasticity and as flat a bearing surface as 
was compatible with the observance of other 
essential conditions. 

In the case of a railway with a central 
guide-rail, it was obvious that the wheels of 
the rolling-stock should be perfectly cylin- 
drical, and the wheel-treads of the rails 
horizontal planes. In such a case the 
pressure of the wheel-tyre would be distrib- 
uted over the entire width of the rail—a 
condition more favorable to the durability 
of both tyres and rails than when the pres- 
sure on the wheels was concentrated on a 
scarcely appreciable fraction of the width 
of the rail—as must be the case when the 
wheel-tread of the latter had for its contour 
acireular arc. It should be attempted in 
ordinary practice to approach these condi- 
tions as nearly as the coning of the wheels, 
coupled with the clearance or play of ths 
of an inch allowed between the flanges and 
the inner surface of the rails, and also the 
allowance for the inaccuracy in the gauge 
and in the angle of the wheel-cant, due to 
imperfections in the laying and working of 
a chair rod, would permit, by making the 
radius with which the profile of the wheel- 
tread was struck as large, and consequently 
the are as nearly approximate to a plane 
surface, as the conditions of the case al- 
lowed. 

As the wheels were coned to an inclina- 
tion corresponding to the cant of the rails, 
such coning would perfectly accord with a 
flat-headed rail, provided the relative posi- 
tion of the wheel and the rail were always 
kept the same by a central guide-rail; but 
the play allowed between the flanges and 
the rails, coupled with this coning, to a'small 
extent, and the inaccuracy of gauge and 
cant incidental to the laying of a chair 
road, ina far greater measure, caused an 
appreciable amount of angular divergence 
between the profile of a pertectly flat wheel- 
tread and the rectilinear profile of the wheel- 
tyres. Sometimes the latter would bear on 
the inner edge and sometimes on the outer 
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edge of the former. It was to obviate this 


that the wheel-treads had been given a} 


rounded contour. The principle was cor- 
rect ; but the amount of such rounding could 
be demonstrated to be almost inappreciable, 
and was generally injuriously overdone. 
The proper amount of rounding to be given 
to the upper surface of the rail—viz., the 
radius with which the circular are forming 
the profile of the wheel-tread should be 
struck—admitted of accurate determina- 
tion. The angle of the are should be twice 
that of the maximum angle of divergence 
between the profile of the cone and the 
wheel-tread, supposing the latter to be 
flat. 

The amount of the portion of this angle 
of divergence which was due to the coning 
of the wheels, and the clearance or play 
allowed between the wheel flanges and the 
inner surfaces of the rails, might be thus 
determined. As the amount of such clear- 
ance only allowed the wheels to deviate } 
in. on each side of their centrical posi- 


tion, and as the inclination of the side of 


the cone of the wheel line was only 5th, 
the utmost limits of such deviation could 
only raise one end of the axis ;)5th of an inch 
and depress the opposite end to the same 
extent; and, taking the length of the axis 
in round numbers as 60 in., this would 
only be equivalent to an inclination of 5th 
of an inch in 60 in., @. e., of 1 in 1,200, and 
the angle of deviation of the profile of the 
wheel from that of the rail-head due to 
this cause would be, of course, the same— 
that was 1 in 1,200, equal to an angle of 
1 min. 51 see. To this had to be added 
the angular variation in the cant and gauge 
of the rail due to the inaccuracies incidental 
to the laying and wearing of a chair road. 
The bed of the chair on the sleeper was 10 
in., and the bed was cut to a template; and 
if the limit of inaccuracy in the cutting and 
wearing of the bed were assumed to be 
about } in. at one end or the other, 
this would be equivalent to a variation of 
}5, or equal to an angle of 1 deg. 51 min. 
1 sec., and this, added to the angle of vari- 
ation due to the coning of the wheel and 
clearance, would make the total angle of 
divergence A BC and A’ B'C’ on Fig 1. 
equal to 1 deg. 27 min. 51 sec. 

In this Fig., B’B represented the bear- 
ing surface of a rail, say 2 in. wide, and 
A B and A' B’ the extreme positions of the 
wheel tyre on such a rail, supposing it flat 
topped ; these positions being inclined to the 
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| rail surface at an angle of 1 deg. 27 min. 
|51 sec. To determine the radius with 
| which the profile of the bearing surface 
| of the rail must be described, so as to pre- 
vent the weight being ever thrown exclus- 
ively on either edge of the rail, and so that 
each portion of the surface might take its 
turn equally with the other in bearing the 


Fie. 1, 


Diagram demonstrating that when B’ B = 1% in., and the 
head of the rail is, therefore, 244 in. wide, a radius of 40 in. 
will give ample curvature for the wheel-tread, 
| The angles D B’ Band DB B: are each equal to 88 deg. 32 
| min. 9 sec. The anzles C BA and C’ B’ A’ are thus each 
equal to 1 deg. 27 min. 51 sec., and B’ D B measures 2 deg. 
| 55 min, 42 sec. 





| weight, draw through B and B’ the ex- 
treme points of contact of the wheels and 
| rail surfaces, the lines B D and B’ Dina 
| direction perpendicular to the lines A B 
and A’ B’, then the point of intersection of 
BD and B’D would be the centre from 
which the circular are ferming the profile 
of the wheel-tread should be struck ; for it 
was clear that the profile of the wheel con- 
tour would be tangential to this are in every 
possible position of the wheels. 

The angles E B’ D and E B D being ob- 
viously similar angles, therefore B’ D B 
was equal to twice the angle A B OC, or 
2 deg. 55 min. 42 sec., and, as the side B’ 
B of the triangle B’ D B was equal to 2 in., 
and the opposite angle was equal to 2 deg. 
55 min. 42 sec., the length of the sides B D 
and D B was 54 in., which was, therefore, 
the radius with which the are forming the 
profile of the wheel-tread should be struck. 
If B’ B was equal to only 1} in., this radius 
would be equal to 40.75 in. This al- 








178 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





lowed for the inaccuracy of laying and 
wearing incidental to a chair road, but with 
a Vignoles rail a much flatter one would 
suffice. He was, therefore, warranted in 
adopting 40 in. as the proper radius of the 
protile of the wheel-tread in all cases. 


Fig. 2. 


Construction of Rail Section. Half full size. 

The wheel-tread has a radius of 40 in. 

The vertical web is profiled with a radius of 12 in. 

The upper and lower fish planes are at an angle of 60 deg. to 
each other. 

The radius with which the shoulders of 
the wheel-tread were rounded off was at 
first only } in.; this was found insufficient, 
and the present practice ranged from a 
radius of .45 in. to .7 in. On the Grand 
Russian, and in the section adopted by Mr. 
Samuel, the radius was only .45 in. In the 
rail chosen by Mr. Fowler for the Great 
Southern and Western Railway of Ireland, 
and also in the Royal Swedish, the radius 
was .5 in.; in the Great Northern of France, 
-55 in.; and in the Eastern Bengal Railway, 
-6 in. 

The radius of the shoulder should not be 
less than .5 in. nor more than .6 in.; and, in 
his opinion, the fgrmer dimension answered 
all necessary conditions, and anything more 
than that was injurious, as detracting from 
the width of the wheel-tread. 

The flank of the shoulder should be ver- 
tical, as the proper function of the metal 
disposed in this portion of the section was 
literally to keep the shoulder up to the 
wheel, and it was obvious that the best dis- 
position of material for this object was to 
carry down the flanks of the shoulder ver- 
tically till they met the upper fishing planes. 
This disposition of material had also the 
advantage of providing a better bearing for 
the fish-plates. 

At its lower termination the vertical 
plane of each shoulder-flank was met by 





the surface intended to receive the upper 
bearings of the fish-plate. 

It was indispensable that the upper and 
lower bearing surfaces of the fish-plate and 
rail should fulfil two conditions: first, that 
they should be plane surfaces ; and, second- 
ly, that they should be equally inclined to 
the axis of the fish-bolt, which should be 
placed centrically between the upper and 
the lower bearing surfaces. 

The necessity of the fulfilment of these 
conditions appeared to be obvious. If the 
surfaces were curvilinear, the principle of 
the wedge was excluded, and the slightest 
inaccuracy in the manufacture would pre- 
vent the fish from obtaining a fair and con- 
tinuous bearing on the rail. It was equally 
obvious that the bolt which pressed these 
fish-plates into apposition must be centrical, 
otherwise the pressure upon the upper and 
the lower bearing surfaces would be un- 
equal, and the fish to that extent defective. 
The same objection applied to inclining 
the upper and the lower bearing surfaces 
of the fish at a different angle ; the pressure 
on the upper and the lower bearing of the 
fish would in that case manifestly differ in 
the same ratio as the sines of the angles of 
their upper and lower bearing surfaces, and 
the effect would be the same as if, the 
angles being equal, the distance between 
the upper fishing-plane and the centre of 
the fish-bolt, and that between such centre 
and the lower fish-plane, differed in the 
same ratio. 

The functions which the vertical web had 
to fulfil were simply to maintain the head 
and the foot of the rail in the same relative 
position with itself and each other, under 
any lateral or vertical strains to which they 
might be subjected in the working of the 
line. In modern practice the centre thick- 
ness of this vertical web ranged from .5d in., 
which was little more than the minimum to 
which it could be rolled without unduly in- 
creasing the cost of manufacture, to .7 in. 
A favorite dimension for the centre thick- 
ness of a rib that increased in thickness to- 
wards its junctions with the head and foot of 
the rail was .6 in.; but .65 in., or .7 in. were 
common dimensions when the section of the 
vertical web was parallel throughout from 
head to foot. He had adopted in these 
Tables (pp. 180, 181) in every case a top and 
bottom thickness of .7 in., and a thickness 
at the centre of .6 in., the profiles of the 
sides of the vertical web being circular, and 
drawn through these three points, ¢. ¢., with 
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a chord equal to the depth of the web, and 
a versed sine equal to .U5 in., @. e., half the 
difference between the top and bottom 
width .7 in, and the centre width .6 in. 

Horizontal lines drawn through the in- 
tersection of these arcs, with the prolonga- 
tion of the fishing-planes, formed the de- 
marcation between the head and vertical web 
and the vertical web and foot; therefore 
any one of the 41 vertical webs in the series 
given in the Tables (pp. 180, 181) might 
be joined to any of the 30 heads or to any 
one of the 26 feet, and thus about 32,000 
varieties of rail section might be formed 
from such combinations. The re-entering 
angle between these arcs and planes was 
filled in by an are of .3 in. radius. 

The fixing of the angle, at which the 
fish-planes converged at 60 deg., was the 
result of a compromise. Manufacturers 
preferred a larger angle, so as to give the 
head the pear-shaped section of the Erie 
rail; but this increased the foot of the rail, 
and rendered it difficult to form a good fish, 
whereas with an angle of 60 deg. as strong 
a fish might be formed as had ever been 
madé. The only effect on the fish of dimin- 
ishing the angle from 60 deg. to 50 deg. 
was that in the latter case an equally strong 
fish might be obtained with less scantling 
in the fish-plates and fish-bolts. But no 
such increase of scantlings would be neces- 
sary with the insistent fish. 

The usual depth of the double-headed 
rail was 5 in., but, as already shown, the 
strength of a Vignoles rail, laid on sleepers 
3 ft. apart from centre to centre, exceeded 
that of a double-headed rail of equal sec- 
tion and depth laid on sleepers the same 
distance apart, nearly in the ratio of 3 to 2; 
and, therefore, to insure the same strength 
and stiffness, the depth of the Vignoles 
rail might be, as compared with that of the 
double-headed rail, in the ratio of 2 to 3. 
In practice the depth had hitherto been in 
excess of this, for convenience in fishing 
only. The Royal Swedish rail and the 
Grand Russian rail had each a depth of 4§ 
in. ; the Morayshire, the Kustendjie, the 
Great Southern and Western of Ireland, 
and the Swedish Government rails, had 
each a depth of 4} in., while the rails for 
the Cape were 4} in. deep, and his own 65} 
lb. section, laid on the West Cork, the 
Cork and Kinsale, the Cork and Macroom, 
and the Cork and Limerick Direct Rail- 
ways, had a depth of 4.3 in., though for 
heavy traffic he made the depth 4.55 in. 





He now came to the foot of the rail. The 
dimensions of the trapezium, C ‘D F KE 
(Fig. 2. p. 178), which formed the upper 
portion of the foot, and the sides of which, 
F D and CE, constituted the lower fish 
planes, should be the same for all weights 
of rail. Its top width, C D, was .7 in., its 
bottom width 2.1 in., and its depth .45 in. 
From C and D the profiles of the upper 
surface of the foot extended at an inclina- 
tion downwards of 1 in 10, till they attained 
the full width intended to be given to the 
foot, and from these terminations vertical 
lines—G I H K—were dropped .375 in. in 
depth, for the thickness of the toe, which 
was fixed by manufacturing considerations, 
and was the same in all cases, and a hori- 
zontal line drawn through I to K completed 
the profile of the foot. 

The width of the foot should be at least 
sufficient to admit of through fastening, 
consisting of bolts passing through the 
sleepers, fixing into fang-nuts abutting on 
its lower surface. He thought the practice 
of nailing the rail to the sleeper by exag- 
gerated brads, called dog-bolts, could not 
be too strongly deprecated. He had found 
a width of 4$ in. sufficient for fulfilling 
these conditions; and for the heaviest traf- 
fic, it appeared to him that a width of 5 in. 
was ample. If this width were exceeded, 
the ditticulty of rolling, and consequently 
the cost of the rail, would be greatly in- 
creased. 

He was aware that there were advocates 
for making the foot, or lower flange, very 
wide in proportion to the depth of the rail, 
in order to obtain a greater amount of lat- 
eral resistance ; but regarding a problem 
of this sort, it might be said solvitur ambu- 
lando. The Vignoles section had long 
been in general use, both in Europe and 
America, and on both continents, after ex- 
perience gained over a period of ten or fif- 
teen years’ working, and on a length of over 
10,000 miles of railway, a width of 4 in. 
had been found sufficient, and was still ad- 
hered to. And if a base of 4 in. was thus 
sufficient with only dog-bolt fastenings, @ 


fortiori, must a width of 44 in. be ample 


with such superior attachment to the sleep- 
ers as was effected by through fastenings, 
such as fang-bolts. 

He exhibited a diagram containing sec- 
tions of 30 heads of rails, varying in top 
width from 2.25 in. to 2.5 in., the bottom 
width of all being .7 in., and in depth of 
shoulder from .9 in. to 1.U in., the total 
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depth ranging from 1.34 in. to 1.521 in., 

and the weight increasing from 25.76 Ibs. 
to 32.39 lbs. per yard. On the same dia- 
gram were also shown 41 vertical webs, | 
varying in depth from 1.9 in. to 2.9) 
in., the width at the top and _ bot-' 
tom being 7 in. and the thickness | 
at the centre .6 in., the weight varying 
from 12.2 Ibs. to 18.20 Ibs. per yard. There | 
were also shown 26 sections of feet, vary- 
ing in depth from .898 in. to 1.023 in., and 
in width from 4 in. to 6}in., and in weight | 
from 24.06 Ibs. to 39.43 lbs. per yard. Every | 
one of these heads would fit on to every one | 
of the vertical webs; the number of com- 
binations of the 30 heads and the 41 ver- | 
tical webs was therefore equal to 30 *; 41, 
or 1,250; and every one of these 1 230 


| cuniections of heads and vertical webs 
would fit on every one of the 26 sections of 
| feet, making, the total number of com- 
| binations 31,980; the rails so compounded 
varying in width of foot from 4 in. to 6} in.; 
in depth from 4.1 in. to 5.4 in, and 
| weighing from 62 Ibs. per yard to 90 Ibs. 
per yard. The last weight was due to the 
combination of the heaviest head, the high- 
est vertical web, and the widest foot. 

He did not advocate all these combina- 
tions or any extreme weight. He only 
mentioned the number of possible combina- 
i tions to show that the Tables covered the 

| widest conceivable range of practice. 
| Neither did he advocate, for light or 


| medium traffic, a greater width of head 
| than 2) in, a dca width of foot than 











Heads varying in width from 2.25 in. to 2.5 in., and _in depth ly 


from 1 340 in. to 1,521 in., and in weight from 


82.39 lbs. 


Vertical Webs varying in depth from 
1 9 in, to 2.9 in., and in weight from 
12.2 Ibs. to 18.2 lbs. 


25.76 Ibs. to | 





Depth 
in 
Inches. 


Depth to 
Bottom of 
Shoulder. 


Depth 
in 
Inches. 


Wumber. 





| 





. 340 
B74 
396 
421 
446 
361 
.366 
411 
.436 
.461 
376 
401 
426 
451 
476 
391 
4156 
441 
466 
491 
406 
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CONSTANTS. 


In all cases, the width of the top of the foot, of the bottom of the 
head, and of the top and bottom of the vertical web, was .7 in., and 
the profile of the latter was struck with a radius of 12 in. 


The 


fishing planes were inclined to the transverse axis of the rail section at 
an angle of 30° ; the thickness of the metal at the toe of the foot was 
-876 in. from which its upper surface rose at an inclination of 1 in 
10. The radius of the wheel-tread was always 40 in., and that of the 
shoulder .. in, 
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Bottom Fanges or Feet, varying in breadth from 4.0 
in. to 6.5 in., and in depth from .898 in. to 1,023 
in., and in weight fro:n 24.06 ibs. to 39.43 lbs. 








Breadth in 
Inches. 


Weight in 
Lbs, 


Depth in 
Inches. 


4 
° 





—.898 
— 803 
—.908 
—.913 

918 


24 06 
24.64 
25 22 
24.81 
26 40 
27.00 
27.60 
28.21 
28 82 
29.44 
30.06 
30.69 
81.32 
31.95 
82 58 
33.22 
83.86 
34 51 
35.16 
35.81 
36.47 
87.13 
87.80 
38 47 
39 15 
39.43 
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| 
4} in., a greater depth than 4.3 in., or a| 
greater weight per yard than 65} lbs.; or | 
for the heaviest traffic, a greater weight | 
than 70 lbs. per yard, a greater width of | 
head than 2.3 in., a greater depth than | 
4.59 in., or a greater width of foot than 
2 in. 

As regarded fastenings, the only de- 
scription of joint now employed was the fish- 
jot; and of this there were two varieties 
—the suspended and the insistent fish. The 
former had to perform two functions, the 
latter only one. The suspended fish had 
first to act as a girder, by giving vertical 
strength to the joint between the two rails ; 
the fishes required, therefore, to be as long 
and deep as possible, to be fastened by four 
bolts, and to have the bearing edges as 
nearly horizontal as the fulfilment of other 
essential conditions permitted, in order to 
keep the ends of the two rails in accurate 
apposition, so that the joints might offer no 
obstacle to the smooth moving of the 
wheels. 

The insistent fish was not required to add 
to the vertical strength of the joint, such 
joint being supported by the joint sleepers ; | 
the only tunction it had to fulfil was to | 
maintain the extremities of the contermi- 
nous rails in accurate apposition. For this | 





purpose a much shorter and shallower fish 
than would be required in suspension an- 
swered every purpose, and there might be 
only three bolts instead of four, as the centre 
bolt, acting immediately at the junction of the 
rails, had then a greater power of holding 
them in accurate apposition than it could 
exert in any other position. Moreover, 
there was no occasion to sacrifice the section 
of the rails to the perfection of carrying out 
the principle of fishing, as the angle ot the 
bearing surface of the fish was compara- 
tively immaterial. The suspended fish was 
manifestly defective as a mechanical ar- 
rangement, when compared with the sup- 
ported fish, as the object to be kept in view 
was to approximate as closely as possible to 
the conditions of a bar of uniform strength. 
Now it was obvious that a suspended fish- 
joint could never offer nearly the same 
resistance to the load as an unjointed rail of 
the same bearing length; it therefore be- 
came necessary greatly to diminish the 
length of the bearing whenever a suspended 
joint occurred, and this inequality of bearing 
length was continued throughout the length 
of the rail, the bearing gradually diminish- 
ing to the joimt; and as the resistance was 
as the square of the bearing, this inequality 
was manifestly incompatible with any near 
approximation to the conditions of a bar of 
uniform strength. 

He submitted diagrams showing the best 
arrangements for the fished joints and fast- 
enings for the Vignoles rail. It would be 
seen that the fish was an insistent fish, and 
that it was a double fish, horizontal as well 
as vertical; for the wide horizontal under 
surface of the rail foot was kept in close 
juxtaposition with the wrought-iron bed- 
plate which received the ends of the rails, 
extending the full width of the rectangular 
joint-sleeper, a width of 10 in. on lines of 
light traffic, which, if thought desirable, 
might be increased to 12 in. on lines of the 
heaviest traffic. And the ends of these 
rails were fished to this bed-plate by two 
horizontal fish-plates with three through 


| fastenings to each centre-bolt, being placed 


at the most effective point, viz., the junction 
of the rails. 

These bolts, three on each side, passed 
through the sleepers, and were screwed 


| underneath it to a bar 3 in. by 2j in., acting 


as a common nut to the three bolts, thus mak- 
ing the rails practically a continuous bar of 
uniform resistance, and the sleeper one 
mass, so to speak, with the rails. Joints of 
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this kind were quite imperceptible when 
running over the line, and the rails approxi- 
mated far more nearly to the conditions of 
a continuous bar of uniform resistance than 
in the case of a suspended fish. 

There might be an advantage in using 
Parsons’ patent bolts for the fish and fang 
bolts. He had never tried them himself; 
but their principle was that of equalizing, 
by fluting the section and strength of the 
shank to that of the screw-tapped ex- 
tremity of the bolt, so as to obtain uniform 
strength and elasticity ; this was undoubt- 
edly an improvement. 

He always specified for fish-bolts with 
their inner surface concave, and the corner 
well preserved instead of being rounded off ; 
by this means the bearing took its grip at 
the greatest possible distance from the 
centre of the bolt, and greater leverage was 
thus obtained to counteract the tendency of 
the nut to untwist. He had never known 
such nuts to work loose. 

One of the greatest advantages possessed 
by the Vignoles road, where the rails were 
fixed directly to the sleepers on machine- 
planed beds, by means of through screw 


fastenings, was the absolute uniformity of | 


gauge and cant of rails which was thereby 
insured, and which rendered practicable a 
much flatter wheel-tread, and a much nar- 
rower clearance than could be attained on a 
chair line; and these advantages greatly 
conduced to smooth running, and the pre- 
servation of rail surface and rolling stock. 

The introduction of the Vignoles rail in 
this country had been greatly retarded by 
the defective manner in which it was at first, 
and was still sometimes, laid down, viz., on 
half-round sleepers, and merely secured by 
spikes, sometimes without even a nick at 
the end of the rails to prevent them 
from travelling. No line of Vignoles rails 
should be passed unless the sleepers were 
rectangular ; for the bearing of their sec- 
tion on the sleeper should be at least equal 
to that of a chair on its sleeper, and that 
amounted to 40 sq. in. This was somewhat 
exceeded on a rectangular sleeper of 9 in. 
wide, which, with a width of 4.5 in. for 
‘the rail foot, gave a bearing of 45 in. for 
each point of support; but when a Vig- 
noles rail was laid on a half-round sleeper, 
scarcely one-half of the requisite bearing 
could be obtained, and that only on sap- 
wood. Another advantage of this system 
was that with 3-ft. bearings, the clear bear- 
ing between the supports was diminished, as 





compared with a double-headed rail, from 
33 in. to 26 in., and the stiffness of the rail 
thereby increased inversely as the squares, 
or in the ratio of nearly 3 to 2. 

He saw no reason why a steel-headed 
rail, of the Vignoles section, dovetailed in 
the manner described by Mr. Menelaus, 
should not last as long as one entirely of 
steel at double the cost. 

He thought it would be admitted that 
puddled bars made the most enduring rails ; 
but it was impossible to force iron of this 
description, with rollers such as were 
usually employed, into the slender toes of a 
wide-footed rail. He would submit that 
this difficulty might be overcome by em- 
ploying a third roller set transversely to the 
other two, for rolling the under surface of 
the foot, an expedient very generally 
adopted on the Continent in rolling 
wrought-iron girders of similar section. 

Mr. G. B. Bruce said, with regard to the 
specifications for rails, he was not prepared 
to throw the blame upon or to give the 
credit to Boards of Directors, or foreign 
governments, but was rather disposed to 


jtake the responsibility upon himself in 


cases in which he was concerned. So far 
from the iron-masters having any reason to 
complain of the specifications of engineers, 
he thought that they had learned a good 
deal from those specifications. The mode 
of manufacture which Mr. Williams had so 
graphically described and so strongly re- 
commended was precisely the same which 
many engineers had long given in their 
specifications, and which the great bulk of 
iron-masters had been driven to adopt, by 
the engineers so requiring the puddle ball 
to be hammered in the way described. No 
doubt, the great secret of a good rail was 
that it should be homogeneous; but that 
was not the sole condition, otherwise it 
would only be necessary to fall back upon 
the old cast-iron rail, which was homogene- 
ous but brittle. 

He was ready to admit that in the matter 
of rails, as well as in many other things, 
tests were often carried to an injurious 
extent; but when judiciously applied, they 
were very valuable. When specifications 
provided that a rail should not break under 
a certain falling weight, and yet not bend 
more than a given quantity,—these condi- 
tions secured the possession of the two 
requisites, hardness and tenacity, so neces- 
sary for a good wearing and safe rail. 

He was disposed to think that steel rails 
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were not altogether perfect. Out of one 
lot of 200 tons which he had used recently, 
five of the rails broke, literally on being 
thrown out of the wagon; and in the 
present process of manufacture, individual 
steel rails were as likely to be defective as 
iron rails, and could not be implicitly 
trusted. He had tested some flat-bottomed 
steel rails, punched in the lower flange, and 
had observed that when the holes were 
not near the part on which the weight of 
16} ewt. fell, the rail did not break, though 
the fall was 20 ft. But if the same rail 
was so placed that the holes were in the 
middle between the points of support, the 
rail broke at a blow with a 5 ft. fall. The 
holes ought to be drilled and not punched 
in every case when dealing with steel 
rails. 

Mr. R. P. Brereton dissented altogether 
from the view that good iron rails could 
not be made if pains were taken ; or that it 
had become indispensable to seek for 
other materials, such as steel, except for 
special occasions. There was as yet no 


sufficient experience of the effect of hard 
steel rails upon the tyres and rolling stock, 
by far the most expensive part of the prop- 
erty belonging to Railway Companies. 


With regard to the deterioration in the 
manufacture of rails, when these had to be 
turned out quickly and in large quantities 
it was not to be expected that they should 
at the same time be made good. There 
was no desire to produce a lasting article ; 
and when Railway Companies undertook to 
make their own rails, they did not make 
them better than the iron-masters. He had 
taken the pains to ascertain what had 
become of about 24,000 tons of rails made 
in Wales in 1849 for the South Wales 
Railway, on which there was a large min- 
eral traffic. It was 100 miles in length 
and was opened in 1850. In the first nine 
years, out of the 24,000 tons there were 
only about 1,080 tons lost, or 44 per cent. 
of the original quantity ; and of the remain- 
der there were at the present time 12,000 
tons in use, and wearing out at the rate of 
about 5 per cent. per annum of the origi- 
nal quantity. This was principally at sta- 
tions and inclines ; and switches and cross- 
ings of the same iron were still in use. 
The life of these rails had already averaged 
fifteen years, and at the rate now wearing 
out would ultimately average seventeen. If 
iron-masters could make such rails years 
ago they could make them now; but an in- 





ducement was required which was not of- 
ered. 

M. T. E. M. Marsh stated that the rails 
alluded to by Mr. Brereton were made 
from cold-blast iron, and a great part of it 
was worked into refined metal. The manu- 
facture was well cared for. Such good 
rails were not now generally made. A great 
demand for common rails had been met by 
cheaper and inferior material and processes. 
The price had been fixed upon a slid- 
ing-scale based on the price of common bar- 
iron, which was somewhat lower than the 
price of rails, the price of the latter being then 
about 20 per cent. or 25 per cent. higher than 
that of bar iron at certain works, because 
it was supposed that rails were more expen- 
sive to produce. To this was added from 
15s. to 25s. per ton extra. Thus assuming 
bars to have been at £6 per ton, the cost 
of the rails would have been from £8 to 
£9 per ton. The rail was made from pud- 
dled bars, one of the principal advantages 
of that process being that the result of the 
yield of the puddlers might be tested every 
day, and at any moment. In that way a 
good welding quality, and a strong, solid 
rail, could be obtained. The rails referred 
to were not “cold short.” Puddle balls 
might be badly made, and in fact frequent- 
ly did inclose chilled cinder and other im- 
purities, which would cause the iron to be 
crushed off the rail in large pieces. 

In some districts it would probably be 
found better to use puddle balls direct, and 
not puddle bars; but the quality of the 
materials, processes, and appliances of the 
manufactures must be judged of by the 
engineer. 

Mr. Marsh then referred to some samples 
of rails he had placed on the table: 

No. 1. Rail and piece of slab, made for 
Mr. Brunel by Messrs. Thorneycroft, in the 
year 1858; also small experimental lots, 
made in the year 1848; the top slab being 
formed out of a single bloom of charcoal 
iron. The rails were laid on the Great 
Western Railway, and were doing good 
service now, where from three hundred to 
four hundred engines were passing over 
them daily. 

No. 2. Similar to No. 1, made by Mr. A. 
Hill. The top slab consisted of Bowling 
iron ; used in the year 1858 and subsequent- 
ly, on lines in charge of Mr. Brunel, for 
points and crossings, with very good re- 
sults. 

Nos. 3, 4, and 11. Specimens of puddled 
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steel rail, made for railways in charge of 
Mr. Brunel, illustrating apparently good 
fracture and uncertain welds; and samples 
of steel tops separated by wear. These 
rails were generaily unsatisfactory. 

Nos. 5 to 9. Specimens of rails made be- 
tween the years 1846 and 1850 and subse- 
quently, for Mr. Brunel, being of the class 
referred to by Mr. Brereton, as having been 
laid on the South Wales division of the 
Great Western Railway, between Grange 
Court and Swansea, a distance of 95 miles, 
where they were subject to the excessively 
heavy wear of the inclines in the Neath and | 
Swansea district. 

The duration of the bridge rails, of which | 
24,000 tons were laid, was shown in the 
following statement : 





Worn out. 
Tons. 
1.081 
4,598 

763 


From opening of line in 1850 to June 30, 1859 
* June 1859 to July 1863. . 

July 1863 to February 1264 . 

February 1864 to July a ne 

July 1864 to December 1864 . 

December 1864 to July 1865 . 

July 1865 to Decen ber 1865 . 

‘* December 1865 to July 1866 . 

« July 1866 to December 1866 , 

‘* December 1866 to July on ae 

July 1867 toDecember 1867 . 


Ts 
“ 
“ 
“ec 
“ 


“ 


° 12, 148 
The same quality was also laid on the 
Great Western Railway, the Wilts and 
Somerset, exclusive of the Bath branch, the 
Berks and Hants, on part of the Oxford 
and Birmingham, and on heavily worked 
parts of the South Devon Railway, and 
generally, with few exceptions, on other 
lines forming part of the Great Western 
system. 

The merits of the various qualities, and 
the best mode of obtaining good rails, were 
continuously and rigorously tested by Mr. 
. Brunel, and the best results were invariably 
obtained from the iron-master, who did not 
object to, but invited and approved rigid 
inspection, and desired to have the benefit 
of Mr. Brunel's valuable experience, and to 
satisfy him that all details were carried out 
to insure good results. 

In June, 1853, Mr. Brunel addressed a 
letter to twelve of the principal iron-masters 
in these terms: 

“You are probably aware that it is a 
very general complaint amongst engineers 
and railway companies that they cannot 
now obtain with any certainty rails of a 
good quality. 

“There is every reason to believe that a 
little more care and skill in the selection of 





the quality of metal, at all events for a por- 
tion of the pile forming the rail; and some- 
what more care bestowed in the manufac- 
ture, would secure a very superior rail to 
those now generally manufactured, without 
any very great increase of expense. I am 
desirous of obtaining, to lay before the 
Directors of the Great Western Railway 
Company, proposals for the manufacture 
and supply of about 4,000 tons of such su- 
perior quality to be used as an experiment 
upon a line of railway where there will be 
considerable traffic. 

“T enclose a specification of the rail re- 
quired ; but I should prefer leaving the 
choice of means to those whose practical 
knowledge must be much greater than 
mine, and J should feel satisfied if I am as- 
sured by a respectable manufacturer that 
he will undertake to use his best endeavors 
to meet the objections raised, and to make 
a really good rail. I assume, although this 


|is a time at which you are all very inde- 


pendent of orders, yet that you would be 
glad to make the attempt to regain the 
character which I assure you English rails 
are fast losing, and if you are disposed to 
make a trial with 1,000 or 2,000 tons, and 
will state the mode of manufacture you 
would propose, and the price, I shall feel 
obliged. The delivery should be immediate, 
or at all events early.” 


Extract from Specification, referred to in 
Mr. Brimel’s letter, for Bridge Rai's for 
Great Western Raiheay, June, 1853. 

“ One-third in quantity of the whole pile 
from which the rail is to be rolled is to con- 
sist of a slab of a single piece, forming the 
whole top of the pile, and so placed as to 
form the upper portion of the rail when fin- 
ished. This slab shall be made of No. 2 
iron, hammered, or of such other defined 
quality as may be mentioned in the tender 
and agreed upon. 

“The rest of the pile shall be formed of 
whole lengths of bars, and no rail-ends, or 
awkward-shaped pieces of scrap shall be 
used.” 

Mr. J. Strapp had not much experience 
of the relative values of steel and iron rails 
on the South Western Railway. Some steel 
rails had been laid down four years, and 
during that time about 10,000,000 tons had 
passed over them without their showing 
any perceptible signs of wear. At the 
same time iron rails had been down in the 
same district eight years, and probably 
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from 19,000,000 tons to 20,000,000 tons 
had passed over them. He was not pre- 
pared to say that iron rails should be re- 
placed by steel rails where they lasted so long. 
On the contrary, he thought that where iron 
rails would last over six years, steel rails, at 
their present price, could not be substituted 
with economy. He produced two speci- 
mens of rails, one of which had been down 
twenty-five years, on the Gosport branch, 
about half a mile from a station, over which 
not more than 4,000,000 tons had passed ; 
the other had been down eight years in 


Battersea Fields, and over this 17,000,000 | 
tons had passed; the average speed of the | 
trains, in both cases, being about thirty | 


miles per hour. In calculating these 
weights he had, of course, taken one-half 
the gross weight of the trains passing over 


the one line as that due to duty performed | 
Time, therefore, was not al- | 


by one rail. 
ways a guide to the true worth of rails. 
Mr. Peter Ashcroft produced some speci- 


mens of rails which had been used on the | 


South Eastern Railway. Some of them 


had been down twenty-four years. One, an | 


old Dover rail, put down by Sir William 
Cubitt, had been passed over by one hun- 


dred and five thousand trains, as nearly as | 


could be estimated, equal to 13,000,000 
tons. This was on the down line, near the 
Dover Station, so that every train had to 
pass over it. Another, of which the maker 
was unknown, was from the Rochester and 
Gravesend line, and had been down since 
the year 1845. It was only a 66 lbs. rail, 
and the quality was excellent; there was a 
large quantity of similar rails still down on 
that line. Another specimen which had 
been down since 1865 on the Charing Cross 


line between Cannon street and London | 
Bridge, was known to have had a hundred | 
and seventy thousand trains passed over it, | 
Only one | 


amounting to 21,000,000 tons. 
side of the rail had as yet been used during 
the two years and eight months which had 
elapsed since it had been laid down. 

He thought the South Eastern Railway 
Company had benefited very much by leav- 
ing, to a great extent, the specification and 
manufacture of the rails to the manufac- 
turers, subject to a satisfactory guarantee.* 





* Extract from the South Eastern Railway Company’s Speci- 
fication for Rails: 

‘The Directors will not object to receive tenders for the 
10,000, 5,000, and 1.400 tons of rails respectively, manufac- 
tured according to the iron-master's own specification, pro- 
vided he can satisfy them of the sufficiency ot the material 


| it is to be distinctly understood that 


Mr. Marsh inquired whether the guarantee 
had worked satisfactorily. It was a ques- 
tion of what rails had gone back to the 
manufacturer. 

Mr. Ashcroft replied that one manufactu- 
rer had supplied 25,000 tons of rails, and 
the failures had not been more than 1 per 
cent. On the Charing Cross line, where the 
traffic was very heavy, 193 trains a day 
passing over one line of rails, the failures 
were as much as 10 per cent. Care was 
always taken to obtain a sufficient bond of 
indemnity for a term of not less than seven 
years; and for five years on the Charing 
Cross line. 

Mr. W. Mills said that a large number of 
| steel rails had been laid on the London, 
Chatham and Dover Railway. Ona length 
|of six miles, originally laid with iron, but 
which had been relaid with steel rails, he 
had reckoned the number of trains which 
passed over three different parts, and had 
| found that in one case, 8,500,000 tons had 
been carried, in another case 8,750,000, 
and in a third 9,375,000 tons; the rails 
showed no appreciable sign of wear: Some 
| steel rails, for stock rails for switches, had 
| been laid down at Stewart’s Lane, where 
formerly new iron rails were laid on an aver- 
|age every three-and-a-half months. Those 
| rails had been down three years and three 
| months, and were now in good order, and 
| would probably last another year or more. 
| From this latter instance it appeared that 
| the power of resisting wear and tear in 

steel rails amounted to fourteen or fifteen 
| times that of iron rails. 

Mr. Joseph Taylor thought it would be a 
| misfortune if the impression arose that the 
interests of manufacturers and engineers 
were antagonistic. Their interests must be 
identical ; the only difference being that the 
engineer wanted the best rail for the least 
money, and the manufacturer wished to 





| make the best rail he could and to get the 


best price for it. 

There was room for wider difference of 
opinion as to thé best means of obtaining 
the best rails, and the question seemed to be 
narrowed into that of specifications or no 





this specification is 
intended to convey and mean, that when any of the rails are 
once laid down and being run over, any perceptible lamina- 
tion, crushing, splitting, or breaking taking place within the 
period of the seven years (not being fair wear and texur), such 
rail or rails shall be subject to a total rejection without being 
turned over, and must be cast aside and replaced by other 
sound rails at the contractor’s cost. Those rails laid down at 





stations and within the distance signels are excluded from the 


to be used and the mode of manufacture, and enter into aur- | obligations of this clause, except they are found unsoundly 
eties for » guarantee of not less than seven yeara Lo any case, | manufactured," 
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specifications. He was not prepared to say 
that engineers ought to throw away speci- 
fications altogether, and put themselves en- 
tirely into the hands of the iron-master ; but 
it was possible that specifications had been 
pushed too far. He believed they were 
framed, in the first place, from the best 
possible information to be obtained ; but he 
thought engineers shut themselves out 
from improvement and discovery in the 
trade, when they adhered for some years 
to the same specification. There had been 
some inconsistency in the way manufac- 
turers had been compelled.to work. It was 
only reasonable that, if a manufacturer was 
required to make a rail to produce certain 
results, he should be at liberty to make it 
according to the best of his judgment. 
Specifications had apparently been directed 
too much to the production of a high qual- 
ity of bar-iron, to the neglect of the wearing 
quality of the metal. The heavy falling 
test, and the heavy suspending test, tended 
to produce bar-iron of high quality, but 
that iron was deficient in hardness and wear- 
ing quafity. A little hardness might be ad- 


mitted into the manufacture of rails with 
great advantage; and yet the rails should 


be sufficiently tough to resist any impact in 
the course of the ordinary traffic. Con- 
sidering the comparative scarcity of steel- 
producing ore and the high price of steel 
rails, he thought that, for some time at | 
least, the bulk of the supply of rails must be | 
from iron; and so long as a thoroughly | 


good iron rail could be made for from. £6 | | 


from the general manager of the Erie Rail- 
road, enclosing a report to the Chairman of 
| the line, i in which he stated that during the 
| month of January upwards of one thousand 
rails had been broken on that line, and also 
that he believed the month of February 
would show a still worse result. Another 
correspondent had informed Mr. Colburn 
that within his knowledge, on the Hudson 
River Railroad, a double line, 144 miles in 
length, in one day, 113 rails had been found 
broken, during what was called a “cold 
snap.” He had received a letter froma friend 
in Eastern Canada, three or four weeks 
ago, where possibly the temperature was 
lower than on the lines mentioned, and the 
mercury at the time the letter was written 
| was 14 deg. Fahrenheit below zero. At 
| Toronto there had been unusual cold, and 
the mercury had ranged from 13 to 17 deg. 
below zero. He had no reason to doubt 
the statements as to the breakages of the 
rails. 

Rails in the United States were usually 
of the Vignoles section, and weighed 6+ lbs. 
to 74 lbs. tothe yard. The Manager of the 
Erie Railroad had asked his Directors to 
authorize him to complete the renewals for 
this year, to the extent of 25,000 tons, in 
steel, and not one steel rail had broken, 
although their weight was only 56 lbs. to 
the yard, and some steel rails had been 
| down for the last five years. He might add 
| that the Hudson River Railroad was then 
| being entirely relaid with steel rails. 

Mr. W. Bragge said, in reference to Mr. 





10s. to £7 per ton, to last fourteen or sixteen | | Colburn’s statement as to the serious dis- 
years, of which there was no doubt, he did not | aster on the Erie Railway, for such he 
consider that the days of the iron-master | called the great destruction of rails, the 
were numbered. | engineer had stated that the month of Feb- 

Mr. W. Adams stated that, in the month | ruary would show a greater destruction of 
of October, 1862, 20 tons of Bessemer steel | | iron rails; but he went on to state that the 
rails were laid down on the North London | only portion of the line on which trains 
Railway, over which 254,250 trains, esti- | could run with safety and speed was that 
mated to weigh 38,137,500 tons, had passed. | portion laid with steel rails, and that no 
He had lately measured them and found | fault could be found with the ten miles of 
that they had worn down about ,%, of an inch. | track laid with the Bessemer steel rails; of 
He thought that each head ‘might wear | these only one had broken during the 
down about } of an inch, and this gave the | winter, and no lamination and very little 
means of estimating the durability of the | wear was perceptible. It should be borne 
rails. Between 13,000 and 14,000 rails had | in mind by those who were using steel rails, 
since been laid, and he was informed that | that iron rail-makers had the experience of 
there had not been a single failure in one | thirty or forty years; whereas steel rail- 
of them. Some crossings leading into Dal- | makers had been really at work only since 
ston Junction had been laid between three | the end of the year 1861. Upon him first 
years and four years, and the rails were still | devolved the duty of offering steel rails for 
in good working order. | sale ; at that time the steel rail was looked 

Mr. Zerah Colburn had received a letter | upon with doubt and distrust, and only by 
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offering rails to make into points and cross- 
ings, on trial, to be paid for when they had 
earned their value, was it possible to sell 
them in England. He claimed for the 
makers of steel rails, that they had availed 
themselves of every branch of scientific 
knowledge which could be brought to bear 
upon their work; and he contended that 
the progress of seven years had not been 
unsatisfactory. 

Mr. R. Price Williams observed that on 
the North London and the London, 
Chatham, and Dover Railways the life of 
iron as compared with steel rails was 
certainly of the briefest, while, on the other 
hand, the iron rails on the Southeastern 
Railway appeared to have shown an amount 
of endurance almost as remarkable as the 
highly phosphorized iron rail on the North- 
eastern Railway. 

The consideration of the use of steel 


| 
instead of iron rails was, after all, an en- 
| gineering and economical question,. which a 


more extended experience of the superior 
endurance of steel could alone determine. 
As far, however, as he could gather, there 
could be no question as to the preference of 
steel rails on main lines exposed to heavy 
traffic and high speeds, where the maximum 
life of iron rails did not exceed eight years. 

The accuracy of the data on which the 
calculations of the Author’s table were 
based had been called in question; but he 
had carefully gone through them with Mr. 
Sandberg, and had found them perfectly 
reliable. Objection had also been made to 
the extended period taken for the life of 
steel rails ; he apprehended that the Author 
had only assumed such as affording the only 
available means of comparison with iron 
rails of a proportionably long life, such as 
might be anticipated where they were 


Tabular Statement, showing how an Annuity of 10s. 54d. per Ton will Recoup the difference between Steel and 
Iron Rails \£6 10s. per tun) in a period of 20 years. 
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As per contra. 
Annuity required for one mile single line, £62 11s. 
9d. (iron rails and steel rails, 75 lbs. per yard.) 











exposed to the small wearing action of light | was evident that where iron rails had a life 


trattic. 


He thought, however, that twenty | of even fourteen years, it was cheaper, at the 


years’ life for steel rails was quite suffi- | present prices of steel rails, to use that 
cient for all purposes of comparison, as it ' material. 
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He was unable to comprehend why Mr. 
Bell, at the outset of his interesting ac- 
count of the iron rail manufacture in the 
Cleveland district, should lay so much stress 
upon the superior advantages afforded by 
the process of puddling, in getting rid of 
the phosphorus, when it appeared from his 
subsequent remarks that the presence of 
this substance in certain proportions was 
essential to the production of a sound and 
durable iron rail. That an excess of phos- 
phorus did conduce to the hardness of iron 
rails there could be no question; but he 
thought most engineers who had experience 
of cold short iron would confirm the opinion, 
that such additional hardness was obtained 
at the greatly increased risk of sudden and 
perhaps disastrous breakage of iron rails. 

He was disposed to think that the efforts 
alluded to, as being made to produce sound 
iron rails out of highly phosphorized Cleve- 
land iron, would prove unsuccessful; if, 
however, any practicable means could be 
devised for getting rid of the phosphorus, 
and of producing good steel out of Cleve- 
land iron, the discoverer would undoubtedly 
confer a great benefit, not only upon that 
district but upon the country generally. 

He had prepared a tabular statement 
with the view of showing, that when com- 
pared with the present and future advan- 
tages to be derived from the substitution of 
steel for iron rails, the difference in first 
cost was not of the importance that might 
at first be imagined. 

It would be seen that by dealing with 
the difference in cost between iron and steel 
(£6 10s. per ton), as a deferred annuity, the 
small annual payment of 10s. per ton, dur- 
ing a period of twenty years, would recoup 
the principal with interest at 5 per cent. 
during that period. He might mention that 
on the main line of the Great Northern, 
where the average life of an iron rail was 
only eight years, the cost of renewals of the 
rails alone amounted on an average to £1 
per ton per annum. It was evident, there- 
fore, that under such circumstances the 
adoption of this principle of deferred annui- 
ties would insure a saving of at least 50 
per cent. 

Mr. Bidder, Past-President, had never in 
the course of his practice pretended to dic- 
tate to the manufacturers how iron should 
be treated; but he had always endeavored 
to obtain the best quality. Engineers were 
often overruled by their masters, the Direc- 
tors; and there was apparently only one 





species of test they were capable of appre- 
ciating, and that was the lowest price. 
Whether as regarded locomotives, or steam- 
boats, or the manufacture of rails, he should 
consider it simple affectation to assume that 
he, as an Engineer, had such a knowledge 
of details that he could dictate the mode in 
which they should be constructed or pro- 
duced. He knew one instance of the posi- 
tion he desired to lay down, where in the 
case of some steamships, the result was 
that when a sum of about £120,000 had 
been spent in six steamers, five had never 
been used at all; and the only one that was 
used did not make a single voyage without 
loss. As regarded iron rails, every manu- 
facturer, urged by his own particular inter- 
est, directed his attention to the mode of 
manufacture most suitable to his own local- 
ity and the material he had to deal with. 
Now wherever Mr. Bidder was permitted to 
have his way, he specified what he wanted, 
the test, the power of the metal, and its 
other qualities; and then he said to the 
manufacturer that was what he required, 
and those were the tests which he should 
apply; and he then advised the acceptance 
of the tender after judging of the character 
of the men who tendered. He necessarily 
inferred that they were men satisfied with 
their own mode of manufacture, and that 
he might rely upon them to make the iron 
in the way they stated. By that means he 
had a much better surety than if he had 
tried to force upon them a mode of manu- 
facture to which they had not been accus- 
tomed. 

With regard to rails, all views as to the 
peculiar class of metal suitable for rails had 
been, from the first initiation of railways, 
subject to violent anomalies. He remem- 
bered a time when everybody assumed that 
only cast iron was fitted for rails, when all 
at once it turned out that wrought-iron rails 
were much more durable. It must be borne 
in mind that, on a railway, no rail could be 
broken by pressure. Take a bearing 3 ft. 
long, and an engine 30 tons in weight, roll- 
ing over it at a speed of 40 miles an hour. 
It was well known that in 3 ft. a rail would 
bend more than } of an inch before it would 
break; but if there were no rail at all, at 
40 miles an hour the wheel of an engine 
would not deflect the {th of an inch from 
gravity; therefore, if a rail deflected more 
than 4th of an inch, no further pressure from 
the engine could occur. But what had to 
be dealt with in rails was impact and rub- 
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bing; the latter being the most serious 
question. He did not know how a test for 
the grinding of a locomotive wheel could be 
applied, unless by means of a huge grind- 
stone; and that would not give the exact 
effect. 

Mr. Bessemer had been a great benefac- 
tor to railways and metallurgy in general ; 
he had given an impulse, the effect of 
which could hardly at present be foreseen ; 
but he believed the result would be to pro- 
duce eventually a cheap and good rail. He 
did not care so much about its tensile pow- 
ers, but rather its capacity to sustain the 
grinding impact of a locomotive engine, 
running at the rate of 40 to 50 miles an 
hour. 

At the present day the popular cry was 
to close the capital account of companies. 
But if it were proved beyond doubt that a 
rail which cost £14 per ton was the one to 
be adopted in lieu of the present rail at £7 
per ton, who was to provide the extra £6 or 
£7 per ton? On railways which were not 
in a condition to pay any dividend at all, if 
the capital account were closed, and rails 
were introduced which would eventually 
produce great economy, he was afraid the 
result would be equivalent to confiscation ; 
for suppose some 10,000 tons of rails, at an 
extra cost of £70,000, were laid down, and 
this sum were to be taken out of the pre- 
ference dividends, that would prevent their 
receiving any dividend for the time being; 
and that he would call confiscation. 

Mr. T. A. Rochussen stated that the 
author of the paper had mentioned the 
mode of welding first brought into opera- 
tion at Horde, in Prussia. The Plan C 
(Plate 14) was first adopted in the year 
1851, when the coal and mineral traffic had 
increased to such an extent, that the ordi- 
nary iron rail did not suffice to resist the 
increased weight. ‘The puddling of fine- 
grained iron led to the puddling of steel, 
which not only was applied to rails, but it 
gradually became a staple manufacture of 
the country. About two years previously 
he had produced two rails manufactured 
according to that process; and only two or 
three days ago he had an opportunity of 
inspecting some of the same rails at Ober- 
hausen, where they had borne a traffic of 
42,000,000 tons. The rails weighed 56 lbs. 
to the yard, yet only one side was worn; 
the other was untouched, and these rails 
would probably not be turned for another 
six months. That welding process had been 





carried on now for more than seventeen 
years, and was still largely in operation ; 
compound rails were used to a greater ex- 
tent than both solid steel rails and solid iron 
rails together. The difficulty of welding 
was greater with Bessemer steel than with 
puddled steel; and it had been found neces- 
sary to increase the weight of steel in the 
slab, so as to throw the weld into the web, 
as represented by Plan A (Plate 14). This 
process was only applied to the Vignoles 
section of rail; since there would be no sav- 
ing in having the reversible opposite head 
in steel, leaving simply the small piece of 
iron between. It was very difficult to get 
the iron web from the steel head in the old 
rails. 

He thought that the fracture of Ameri- 
can rails, which had been mentioned, was 
due in a great measure to their unfavorable 
section, which was too shallow 

The Hoérde works, in Prussia, had gone 
further than introducing the weld of steel 
and iron. ‘They had for a number of years 
made different systems of iron angle-bars, 
with steel heads suspended between them. 
One system, which he exhibited, had been 
used for some time on the Brunswick Rail- 
way, and was a most advantageous mode of 
supporting a limited amount of steel by a 
larger web of iron. 

e Mr. Benjamin Baker observed that, in 
testing an iron rail against one of steel, of 
lighter section, but of equal stiffness, care 
should be taken that they were representa- 
tive rails of equal average quality; so that 
a hard steel rail might not be tested against 
a soft iron one. He thought engineers had 
ample data to enable them to predict what 
the durability of such rails would be. The 
maximum stress on the rails could readily 
be ascertained, since it would be equal and 
opposite to that on the springs of the engine, 
the varying deflections and corresponding 
pressures of which might be noted in the 
ordinary working of the engine, at differ- 
ent rates of speed, over various portions of 
the line; the stress being known, the strain 
and deflection might be accurately comput- 
ed. The comparative stiffness of similar 
sections of steel and iron rails was known 
to average as 4 to 3, and the strength as 5 
to 3. It followed from this that the stiff- 
ness of Mr. Fowler’s 84-lbs. section, if rolled 
in iron, would be equalled by a steel rail of 
similar but reduced section, weighing he 
Ibs.; and the strength would be equall 
by a 69 lbs. steel rail. 
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With the section of rail adopted by Mr. 
Fowler, at 5 ft. bearings, the solid rails bore 
a deflection on an average of 10} in.; those 
with drilled holes only 2! in.; while those 
with punched holes snapped with less than 
sths of an inch deflection. Those rails 
were manufactured by the Dowlais Com- 
pany from tough steel, of exceptionally uni- 
form quality, the tensile strength varying 
very little in any experiment from 35 tons 
per square inch; and the breaking weight 
applied at the centre of the 5 ft. bearings 
averaged 29 tons for the solid rails, 197 tons 
for the drilled rails, and only 13} tons for 
the punched rails. To break those rails in 
a testing machine, at the rate of 60 per min., 
would require 52 effective horse-power for 
the solid rails, and less than one horse for 
the punched ones; and the knocking about 
which the respective rails would sustain, 
without injury in ordinary working, would 
be nearly proportional to those amounts. 
The ultimate deflection of the punched rails 
was identical with that of cast-iron rails of 
similar section; hence, in one sense of the 





word, they were equally brittle. A curious 
fact, bearing upon the position of holes in 
the flanges of rails, was worth noting. In 
the rails above mentioned, the two holes at 
each sleeper were placed 4 in. apart, meas- 
ured on the centre line of the rail, and on 
alternate sides of the web, so that the loss of 
section was that due to one hole only. Now 
theoretical considerations indicated that the 
resistance of the rail would be increased by 
making another hole opposite the existing 
one, notwithstanding the double loss of sec- 
tion. It seemed rather an odd way of 
strengthening a rail, to punch a hole 1} in. 
diameter through its weakest part; but after 
making every correction, theory indicated a 
gain of 10 per cent., and this result was 
corroborated by direct experiment. It was 
found upon trial that, whilst with one 
punched hole the rails bruke under 13} 
tons’ pressure, with two holes, placed oppo- 
site each other, of similar size, they sus- 
tained 14} tons. 


[0 BE CONTINUED. | 





THE EAST RIVER BRIDGE—CHIEF ENGINEER’S REPORT. 


To the Hon. Henry C. Murpuy, President 
N. Y. Bridge Company. ® 


Str,—I have the honor to present the 
following report of the operations on the 
East River Bridge during the past year : 

On the Brooklyn tower the masonry has 
been carried up within 20 ft. of the road- 
way, and is progressing steadily. 

On the New York side the whole winter 
season has been occupied in sinking the 
caisson for the New York tower. 

In the month of May a satisfactory foun- 
dation was reached at a depth of 73 ft. be- 
low mean high water, just one year since 
the launch of that caisson. The operation 
of filling the air chamber is now rapidly 
progressing. When this is completed, 
work will be resumed on the masonry, 
which is at present 4 ft. above high 
water. 

To such of the general public as might 
imagine that no work had been done on the 
New York tower, because they see no evi- 
dence of it above the water, I would simply 
remark that the amount of masonry and 
concrete laid on that foundation during the 
past winter, under water, is equal in quan- 





‘tity to the entire masonry of the Brooklyn 


tower visible to-day above the water-line. 

I also take this opportunity of congratu- 
lating the Board of Directors on the success 
which has attended the last of the two great 
tower foundations of the East River Bridge. 
At the commencement of the enterprise 
they constituted the principal engineering 
problem to be overcome, and not till they 
were accomplished facts could it be said 
that the project of the bridge was placed 
upon a firm, immovable footing. 

The subsequent building of the towers 
and of the superstructure is all work that 
has been done before on a smaller scale, 
but upon the tower foundations rests the 
stability of the entire work. The whole en- 
terprise depended on their success. Con- 
siderable risk and some degree of uncer- 
tainty was necessarily involved in their con- 
struction. 

These have all been overcome, and when 
we see the New York tower rising above 
the waters of the East River this summer, 
the people of the two cities will acquire in- 
creased confidence in the early realization 
of a work so essential to their mutual prous- 


perity. 
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THE NEW YORK FOUNDATION. 

The last annual report contained a very 
full and detailed description of the sinking 
of the Brooklyn caisson. The account of 


this work, as well as of other large works 
executed elsew here, has made the operation 
of caisson sinking familiar to all. 

It is therefore proposed to touch only | 
upon such points of the New York founda- 
tion wherein it differs materially from the 
Brooklyn foundation. 


BORINGS. 

The borings made heretofore on the site 
of the New York foundation had been con- | 
fined only to the small area covered by the | 
old pier 29. It was very desirable to con- | 
tinue them over the remaining portion of | 
the foundation as soon as the adjacent ferry | 
slips were vacated. | 

This occurred at so late a day, that only 
four more boreholes could be put down be- 
fore the caisson was ready for sinking. 

The knowledge derived from nine small 
boreholes was therefore the sole information 
we possessed of an entire area of 17,500 sq. 
ft. These holes being moreover confined 
to the outer edges, left the central portions 
a terra incognita. 

The results showed an extreme difference 
in the level of the bed rock of 12 ft., the 
hole of the least depth touching rock at 80 
ft. below high water, and the deepest at 
92 ft. 

The strata consisted in the main of a 
black mud deposit of 12 ft., followed by a 
layer of coarse sand of 6 ft., which overlaid 
a gravel bed of the same thickness. Be- 
neath the gravel appeared a very heavy de- 
posit of quicksand, varying from 15 to 20 
ft., according to locality, and abounding 
with boulders in its lower portion. 

This quicksand extended usually to within 
a few feet of the rock, and in some instances 
to the rock itself. But the immediate rock 
surface was covered with a compact layer of 
material through which it was impossible 
to drive a 6-in. pipe without shattering it. 
To drive the pipe one inch only required 
thirty blows of a 500-lbs. hammer, falling 
from a height of 20 ft. But even in such 
material the quicksand would run into the 
pipe from below, and fill it up for several 
feet. 

When the sinking of the caisson com- 
menced, this question still remained un- 
decided, whether to go to rock or remain 
above it. | 





In case of the former alternative, we had 


the means at hand for blasting the entire 


rock to a level surface if necessary, and of 
removing the blasted material, at an addi- 
tional expense, it is true, of several hundred 
thousand dollars and six months more 
time. 

Or, in case the material on the rock 
proved water-tight, it would be feasible to 
sink a requisite number of small founda- 


| tions to the bed rock sufficient to hold the 


immediate weight above, and then, by a 


iseries of smaller coffer-dams or cylinders, 


remove the remainder of the material, and 
thus get a uniform mass of material be- 
tween the rock and the roof of the air 
chamber. 

The only course therefore left open under 
| the circumstances was to proceed with the 
work, and, when the caisson had arrived 
within a short distance of the rock, make a 
sufficient number of soundings, and then 
determine upon a course of action when we 
were face to face with the material. 

The character of these boreholes had 
also made it apparent that any single plan 
of operations would not be adequate for re- 
moving all the material we would encounter. 
The immediate river bed consisted of logs 
and loose dock stones, followed by a sticky, 
black clay. These materials could evident- 
ly be best removed by dredges working in 
water shafts. 

The river sand and firm gravel beneath 
would be easier removed through pipes, 
either by pumps or the air pressure di- 
rect. 

The coarser gravel, however, would go 
to the water shatts ; whereas the fine quick- 
sand would again be blown out through 
pipes, until the preponderance of boulders 
and small rounded stones compelled a re- 
course to the water shafts again, provided 
any dredge whatever had the capacity to 
remove stones imbedded in quicksand. 

For a direct removal of material through 
locks no special means were deemed neces- 
sary beyond the ample facilities afforded 
by four capacious air locks already at 


hand. 


PREPARATIONS FOR SINKING THE CAISSON. 

Owing to the vexatious delays in obtain- 
ing possession of the ferry slips adjoining 
Pier 29, nothing of any importance could 
be done in the matter of locating machinery 
or workshops until August, when the ferry 
boats finally ceased running into their old 
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slips, and the new boundary line was estab- | 
lished between the property of the Ferry 
Company and the Bridge Company. 

The month of August and part of Sep- | 
tember were employed in building a pile | 
dock from the bulkhead line out to the | 
caisson, averaging 450 ft. in length and 180 | 
ft. in width. | 

At its outer end was formed a square 
inclosure, open on the river side, for the | 
purpose of receiving the caisson when it 
was ready to be towed up from the Atlantic 
basin. 

The amount of space on the pier line was 
so seant, that a narrow platform of 10 ft. 
width constituted all the available room 
between the sides of the caisson and the 
fender rack of the ferry on the one side, 
and the crowded shipping of the adjoining 
slip on the other, showing that economy of 
space during erection is not the least of the 
merits of caisson foundations. 


INCLOSURE OF CAISSON. 

For the purpose of obtaining still water, 
the caisson was surrounded by a wall of 
sheet piling, composed of white pine plank- 
ing 50 ft. long and 6 in. thick, ‘ This served 


to break the force of the tidal current, which 
often runs at the rate of four miles per 
hour, and would produce a pressure of 90 
tons against the structure at a time when 
it is most important to have it stationary in 
its true position—just before touching bot- 
tom. 

This entire work of pile driving and dock 
building was superintended in the most 
efficient manner by Mr. George McNulty. 

Within the inclosure thus formed the 
bottom was dredged to a uniform level of 
37 ft. below high water, by means of the 
clam shell dredge of Messrs. Morris & Cum- 
mings, who did this portion of the work 
under contract. 

They removed in all 7,000 yards of ma- 
terial, of which 1,500 yards consisted of 
dock stone and logs. 


MACHINERY AND WORKSHOPS, 


On the pile platform thus prepared were 
erected two engine houses for the dredge 
machinery, which was transferred from the 
Brooklyn side, and had been enlarged to 
correspond to the increased depth to which 
this caisson would go. 

Two double hoisting engines were set up, 
both for unloading stone and setting stone 
on the caisson. 
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Four additional double engines were pro- 


|vided for unloading sand, gravel, coal, ce- 
| ment, and lumber, for hauling dredge cars 


back and forth, pumping gas and mixing 
concrete. 
The principal building, however, was the 
COMPRESSOR HOUSE, 


| for supplying air to the caisson. 
The air pumping machinery comprised 


| thirteen of the Burlei igh rock drill air com- 


pressors, ranged in a single row; each dis- 
charging its air into one common ten-inch 
main overhead, and provided with suitable 
valves to shut it off from the main system. 

Every compressor has its own steam 
boiler of the vertical tubular type, so con- 
nected as either to work independently or 
as an entire set. Pumps for cooling the 
air were also in duplicate. 

Six of these compressors were brought 
from the Brooklyn caisson, the remaining 
seven being purchased anew. 

From the compressor house the air was 
earried by a ten-inch cast-iron pipe through 
an intermediate air reservoir, for a distance of 
150 ft. under the dock, to the caisson, whence 
two branches of six-inch rubber hose con- 
tinued it by means of the supply shafts to 
the air chamber below. 

The idea governing the general arrange- 
ment of the air pumps was the necessity of 
an uninterrupted supply of air, day and 
night, for at least a year, under a constantly 
increasing duty. 

This could only be done by a number of 
smaller machines, so that if one were out of 
repair the remainder would have sufficient 
capacity for the work. 

Besides the buildings for machinery and 
offices, a number of sheds were erected for 
the accommodation of blacksmiths, carpen- 
ters, machinists, for cement and for gene- 
ral stores, also wash rooms, clothes houses, 
hospital, and resting rooms for the caisson 
men. ‘ 

Three unloading derricks, a double rail- 
road track, and two overhanging platforms 
comprised the preparations on the dock for 
supplying the caisson derricks with stone. 


TOWING THE CAISSON INTO POSITION. 


All preparations for receiving the caisson 
being completed by September 11, it was 
on that day towed from the Atlantic basin 
to its final resting place. While at the 
basin seven additional courses of timber and 
concrete had been built upon it under con- 
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tract with Mr. D. Burtis, Jr. All the outer 
seams were caulked and protected by felt, 
tin, and creosoted sheathing. The various 
pipes, shafts, and locks were also carried 
up the necessary height. 

This work was very carefully attended 
to under direction of Colonel Paine. 

Four air pumps and boilers placed on the 
deck served to inflate the structure during 
the voyage. Its draft of water when 


empty was 23 ft., reduced by inflation to 
17. 


Total weight 7,000 tons. 

Under the skilful guidance of Capt. Mur- 
phy, and the assistance of six tugs, the trip 
was safely performed in two hours and a 
half. A few days’ work then sufficed to 
complete the pile enclosure and confine the 
New York caisson in its permanent posi- 
tion. 

ADDITIONAL TIMBER COURSES. 


By the Ist of November the last of the 
timber courses was laid under the Burtis 
contract. 

The great timber foundation was now 
completed. It contains 22 ft. of solid tim- 
ber above the roof of the air chamber, seven 
courses more than the Brooklyn caisson, 
and since the strength of such structures 
varies as the square of the depth, we may 
consider it to be nearly twice as strong as 
its Brooklyn brother. ‘The result has 
proved this. At a depth of 78 ft, and a 
load on its back of 53,000 tons, not the 
slightest sign of weakness or crippling has 
been discovered. No deflection has been 
observed in the roof, even when the main 
frames and edges below were entirely dug 
out and not resting on the ground. The 
principal object of these frames is at most a 
precautionary one, besides serving to fill up 
the air chamber to the extent of their 
bulk. 


OUTER COFFER-DAM. 


An outer coffer-dam has been carried up 
outsitle of the masonry. 
upright posts 12x12 placed 4 ft. apart, with 
an outer planking of white pine 6 in. thick. 
Shores extend from each post to the ma- 
sonry, arranged in tiers for every three 
courses of stone. 

The coffer-dam commences 7 ft. below 
the upper course of timber, where it is at- 
tached to the caisson by a heavy creosoted 
sill and screw-bolts. ‘The space between it 
and the timber is filled with concrete, 14 ft. 
in height, beneath which the outer cover- 
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It is composed of 


ing of tin extends for 5 ft. The upper 
layer of timber is covered with 3} ft. of 
concrete, amounting in all to 3,500 yards. 

Under certain circumstances it would 
have been possible to omit this outer coffer- 
dam and save the considerable expense at- 
tending it. On the Brooklyn foundation no 
outer coffer-dam was used, the depth of 
water being too shallow. 

In any case it was necessary to carry up 
the dam for a height of 25 ft. When the 
last course of timber was laid, the caisson 
was still floating 2 ft. from the bottom at 
low water, and 10 ft. at extreme high water. 
To keep it on the bottom at extreme high 
water required four courses of masonry, 
and when inflated with air, three additional 
courses were required, 

Owing to the rise and fall of the tide and 
the great top weight of the structure, the 
requisite buoyancy and stability could only 
be attained by the displacement of a coffer- 
dam, especially as the usual appliances of 
suspended screws, for keeping the structure 
| level when afloat, were obviously inappli- 

cable. 

| It had also been intended to surround the 
| tower by a permanent dock of stone and 
| concrete, the foundations of which could 
now be laid within this coffer-dam at a 
moderate expense. ‘This intention was, 
| however, abandoned, owing to the necessity 
{of strictly confining the expenditure of 
| money to the bridge proper. At present 
| the coffer-dam has been designedly filled up 
| with sand, and forms part of the timber 
| dock extending to the tower masonry. 

It will last for fifteen years without re- 
newal. 

The coffer-dam also formed a protection 
to all the caisson pipes, and made it pos- 
sible to repair them when out of order. 

These pipes consisted of four supply shafts 
of 2 ft. diameter and sixty pipes of 4 in. and 
34 in. None of them were built in the 
masonry, but came up between the wall 
and the coffer-dam. 

On one occasion, through the accident of 
a large stone falling, a supply shaft was 
broken off at the timber line, and would 
have been lost but for the coffer-dam. But 
the chief benefit derived from it was the 
fact that the masonry was laid below the 
water level during most of the winter. The 
work of sinking the caisson could therefore 
proceed uninterruptedly, no matter if the 
masonry stopped on account of the cold 
weather. 
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INNER COFFER-DAMS. 


Two smaller inner coffer-dams served as 
a water-tight lining to the main well holes 
of the masonry. Within them were carried 
up the sections of water shaft, as well as the 
curbing of the air lock shafts. 

As far as the timber extends, this curb- 
ing consists of a boiler-plate shell, stiffened 
by flanges and secured to the timber by 
wood screw-bolts. The wooden curbing of 


6 in. plank was notched, dowelled, and 
caulked, and further protected on the out- 
side by a ring of concrete between it and 
the inner coffer-dam. The leakage has been 
practically none. 


DERRICKS AND MASONRY. 


The stone were laid by three boon der- 
ricks, similar to those employed on the 
Brooklyn foundation. They were guyed 
solely from the caisson itself, so that the 
settling of the latter did not disturb the 
guys. Every 20 ft., the derricks had to be 
raised, an operation requiring a few days. 

Twenty-five courses of stone have been 
laid on top of the timber, making a height 
of 50 ft., and amount in all to 11,700 cubic 
yards of masonry. 

The stone are all bedded down to a uni- 
form rise in one course, with joints dressed 
down to moderate projections, the rises vary- 
ing from 20 to 30 in. Both granite and 
limestone were used indiscriminately, the 
former coming principally from Maine, 
and the latter from Kingston, Lake Cham- 
plain, and Canajoharie. 

Owing to the early commencement of 
winter, much of the stone in transit for 
the New York Tower was frozen in, and, in 
order to keep on setting, it became neces- 
sary to use all the backing intended for the 
Brooklyn Tower. This has been supplied 
since, and at no time has there been any 
stoppage for want of stone. 

During the severest weather work was 
suspended for several days at a time, the 
coffer-dam preventing the river from cover- 
ing the wall. 


WORK IN THE AIR CHAMBER. 


By the end of November sufficient weight 
had been placed on the caisson to prevent 
its rising for a short time at low tide when 
inflated. : 

A gang of laborers commenced work for 
several hours every day, taking up the floor 
of the air chamber and removing the prin- 





cipal obstructions in the shape of dock logs 
and stones under the edges and frames. 

In proportion to the weight above, the 
length of time spent below was increased, 
until two regular gangs were at work, four 
hours on and four hours off, the caisson 
being now permanently grounded. 

Each gang consisted of about seventy 
laborers and seven foremen. In a short 
time an extra night gang was also estab- 
lished. Two weeks were consumed in remoy- 
ing and taking out the floor. 

This floor proved a valuable adjunct in 
giving the caisson a level bed on which to 
rest, and in preventing it from tipping up 
on either end before sufficient weight had 
been placed on it. 

The character of the work at this parti- 
cular time was more disagreeable than at 
any subsequent period. This location had 
for many years been the site of the princi- 
pal dumping ground for city garbage. The 
mud abounded in decaying animal and 
vegetable remains. Although the odor of 
these was checked while imbedded in the 
salt water mud, it came forth in its original 
strength when brought in contact with the 
caisson air. More men were overcome by 
foul air than by compressed air. 

By keeping the material constantly 
covered with water, so as to cover the odor, 
it was gradually disposed of through the 
water shafts. 

This black dock mud is really a clay, and 
is the silt brought down by the North River, 
merely lacking time and pressure to make 
‘it as hard and tenacious as ordinary clays. 
It derives its black color from sewer dis- 
charges, but is by no means their product. 

The coarse river sand and beach gravel 
beneath the mud soon created a change for 
the better below. The water was easily ex- 
pelled by the air, leaving it dry under foot. 

By this time also the gas-lights were in 
complete operation in all the chambers, 
giving ample light in every part. Two 
coats of whitewash over the roof and walls 
aided in reflecting it and making the air 
chamber an agreeable spot compared with 
what it was at the beginning. 

The performance of the 


DREDGES 


in the mud and coarse sand and gravel was 
very satisfactory. They constantly main- 
tained a hole about 6 ft. in depth under the 
water shafts, and removed from 300 to 40 
yards per day. 
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Water for the shafts was supplied by 
two sets of 4 in. pipes, one of fresh water 
from the city mains, the other connecting 
with a force pump on the dock, which threw 
in a constant supply of salt water under 
great pressure, aud proved of considerable 
use subsequently in loosening boulders 
under the water shafts. Owing to the fact 
that the shafts were 50 ft. from the nearest 
edge of the caisson, a supply of water from 
the river without could at no time be relied 
upon. 


THROWING OUT SAND THROUGH PIPES. 


About fifty pipes were located in the roof 
of the caisson, passing up through the tim- 
ber, and discharging above beyond the coffer- 
dam. In size they varied from 3} to 4 in. 

The precise mode in which they were to 
be utilized in throwing out sand had been 
to a certain degree lett undetermined. Two 
modes were applicable, either to throw out 
the sand by direct force of air, or else have 
recourse to sand pumps. 

Very satisfactory experiments had been 
made the year before in the Brooklyn cais- 
son, in throwing out sand through pipes by 
air pressure. 

The same mode had been used ten years 
previously by Gen. 8. Smith and Mr. C. C. 
Martin in blowing sand out of cylinders, 
and more recently at Omaha under similar 
conditions. 

The apparatus is very simple, consisting 
merely ot a piece of pipe and a through way 
cock extending into the air chamber. 

Moreover the objection of a very small 
air space to draw upon, as is the case in 
pneumatic cylinders, would not apply in a 
large caisson, which constitutes a large re- 
servoir in itself, and would retard any rapid 
fall of pressure. 

Another strpng reason in favor of the air 
process was this: an air chamber with an 
iron skin can be made practically air-tight, 
but a certain quantity of air must be thrown 
in per minute to keep the air fresh and fit 
to hive in. This air would usually escape 
under the edges and do no work. Now, 
why not allow it to escape through pipes, 
and at the same time carry out sand with it, 
and not be wasted? There was ample air 
pump power, thirteen compressors hawing 
been provided, of which number four only 
were required to supply the leakage, but six 
to supply sufficient tresh air. 

Any other mode, howewer, of sending 
out the material would require extensive 





provision of machinery, in the shape of 
pumps, boilers, and pipes, entailing an addi- 
tional cost of at least $40,000, and difficult 
of application for want of the required space 
around the foundation. 

In view of these considerations, it was 
first determined to give the air system a 
thorough trial. 

‘he result has been eminently satisfac- 
tory. At adepth of 60 ft. sand was dis- 
charged through a 3}-in. pipe continuously 
for half an hour at the rate of one yard 
in two minutes. ‘This represents the labor 
of fourteen men standing in a circle around 
the pipe and shovelling as fast as their 
strength would permit. At this depth the 
supply of air was sufficient to supply three 
pipes at a time. This may appear a small 
number compared with the whole number 
of pipes, but yet was enough to keep at least 
sixty men busy. 

The labor in itself is very fatiguing, mak- 
ing frequent resting spells necessary ; more 
hands are required to throw the sand to 
the pipes than to feed them, and a large 
proportion of labor is expended in digging 
out under the frames and edges. 

The most economical mode of working 
these pipes was made the subject of many 
trials by Col. Paine and Mr. Collingwood, 
the engineers in charge of the caisson. 
Trials were first made with flexible pieces 
of hose provided with strainers at the end. 
These became choked too easily both in 
the holes of the strainer and in the hose. 
The strainer was then removed and a 
shorter piece of vertical hose used, in con- 
nection with a piece of iron pipe. This in 
turn was discarded for a stationary iron 
pipe, extending within a foot of the ground, 
and provided with a stopcock below the 
roof. 

Around the lower end of this pipe the 
sand and earth were heaped up in the 
shape of a cone, while another workman 
attended to the opening or shutting of the 
air cock. 

As the pressure increased, the lower ori- 
fices of the pipes were reduced to 3 in. 
and finally 2 in., the same quantity of mate- 
rial being reduced with a smaller loss of air. 

The material, of course, passes out with 
tremendous velocity, stones and gravel 
being often projected at least 400 ft. high. 
When the feeding below was too slow or 
irregular, the sand would be thrown very 
high, but, by practice, the discharge soon 
became more uniform. 
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In order to deflect the sand at the top of 
the pipe at right angles, both wrought and 
cast-iron elbows were used at first. The 
sand blast would generally cut through 
these in an hour or two, sometimes in a few 
minutes, the thickness of iron being 1} in. 
That portion of the elbow struck by the 
sand was then made open, and provided 
with a thick cap of chilled Franklinite iron, 
capable of being reversed when worn on 
one spot. These would at most last two 
days. Finally all elbows were taken off, 
heavy granite blocks placed over the mouth 
of the pipes, and the material discharged 
against them into the coffer-dam. 

Several minor casualties occurred from 
the discharge of stones, such as a boatman 
on the river having his finger shot off and 
a laborer being shot threugh the arm by a 
large fragment. 

Some inconvenience was experienced 
from the wearing out of the ends of the 
pipes below in the air chamber. The cocks 
also wore out rapidly, owing to careless at- 
tendance in not opening them all the way. 
The pipes in the timber did not wear. 
When a 4-in pipe had become cut, a 3}-in. 


pipe was driven inside of it, then a 3-in. 


and at last a 2-in. But they lasted so well 
on an average, that one-third of the pipes 
were never used. 


QUICKSAND. 


When the quicksand was fairly entered 
upon, it was found that the dredge buckets 
no longer operated to any advantage. This 
sand, in combination with small stones and 
boulders, will compact to a mass as hard 
as rock, which cannot be penetrated by 
the teeth of a bucket, and even the point 
of a crowbar can scarcely be driven into 
it. 

Some shght relief was experienced by 
the use of a hose under the shaft to stir up 
the material, but even then the sand was 
so fine as to escape through the slightest 
crevice in the buckets. 

The sand pipes became henceforth the 
sole reliance, and answered admirably, 
until the coarse gravel and stones became 
so plentiful as to choke the ends of the 
pipes, making it necessary to stop for a 
moment to remove the stone. 

The work of the last 10 ft., from 68 to 
‘8, was on this account very tedious and 
slow. Previous to this, the progress had 
at times averaged a foot per day of 16 
hours, implying the removal of 650 yards 





per day, but toward the end this rate de- 
creased to 1 or 2 ft. per week. 


CUTTING OFF THE WATBR SHAFTS. 
At a depth of 68 ft. a number of boul- 


ders were encountered under one water 
shaft, too large to be removed either by the 
dredge or by outside appliances. It there- 
fore became necessary to cap the shaft and 
blow out the water, similar to the opera- 
tion so frequently performed in Brooklyn. 
On top of the cast-iron cap was placed 
one of the old air locks, so as to afford ac- 
cess into the shaft hereafter. 

After the water was blown out and 
boulders removed, the shaft was cut off 
near the roof of the air chamber. The 
same process was repeated with the other 
shaft. During this time the caisson was 
kept from sinking by banking up the 
frames and edges with earth. 

The air pressure against the caps of the 
shafts is 133 tons. ‘The individual sections 
had been tested to twice this pressure be- 
fore, but, by way of precaution, an addi- 
tional dead weight of 50 tons was placed 
on them. 

Where water shafts are used it is abso- 
lutely necessary to make provision for 
capping them. 

SOUNDINGS FOR ROCK. 


At a depth of 70 ft., soundings were be- 
gun in the air chamber for the location of 
the bed rock, by means of a pointed rod, 10 
ft. long, driven in by sledges. 

A trial was made to sound by means of 
a pipe and water jet, but was abandoned on 
account of the numerous stones. These 
probings were carried on daily for a month, 
until a clear idea of the form and depth of 
bed rock was attained. 

The surface was evidently very irregular, 
composed of alternate projections and de- 
pressions, the extreme difference in eleva- 
tions encountered being 16 ft., and occur- 
ring chiefly along the water edge. Through- 
out the central portion, however, and cov- 
ering at least two-thirds of the entire area, 
the irregularities were much less, amounting 
to only 3 or 4 ft. in a length of 160, and 
width of about 75 ft. 

The caisson would apparently settle on a 
broken ridge of rock, running diagonally 
from one corner to the other, and having a 
moderate dip of perhaps 5 ft. in the 100 
toward the land; but falling off very sud- 
denly toward the east corner in number one 
chamber. 
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With these facts before us, it was evident 
that it would be a matter of immense ex- 
pense and great loss of time to blast down 
the rock to a comparatively level surface ; 
but unless this were done it would appear 
equally dangerous to allow the caisson to 
rest on the rock at one end and not on the 
other. 


Fortunately one circumstance put a more | 


favorable appearance upon the case, and 
that was that the top of the rock was found 
to be covered for a depth of 2 to 4 ft. 
by a layer of very compact material, so hard 
that it was next to impossible to drive in an 
iron rod without battering it to pieces. 

Moreover, where the rock lay the lowest, 
this layer of hard material had its greatest 
thickness. 

It was good enough to found upon, or at 
any rate nearly as good as any concrete that 
could be put in place of it. In extent it 
covered fully three-fourths of the caisson, 
leaving a narrow strip of quicksand along 
the land edge, and a triangular portion over 
part of number one and six chamber. 

Since the lower line of the quicksand 
sloped at the rate of 6 ft. in the hundred, it 
became necessary to penetrate about 5 ft. 


into the hard ground on the water edge, | 


before the bottom of: the quicksand was 
reached on the land side. The number of 
boulders found in it was very large, much 
greater than were found in the same space 
on the Brotklyn side. 


It was determined to rest the caisson on | 


this material at a depth of 78 ft. The pro- 
jecting peaks of bed rock which already 


The rock is the ordinary gneiss found on 
Manhattan Island, with a dip almost verti- 
cal. No part of its surface shows the 
rounding action of water or ice. On the 
contrary, the outcrop is in the form of sharp 
thin ridges, with steep vertical sides occur- 
ring in parallel ranges. 

On such a bottom no sliding can ever 
take place, no matter what the average 
slope might be. At78 ft. the outcrop was 
struck in a number of places and blasted 
|down a short distance below the edge. A 
| slight covering of soil gave the necessary 
amount of compressible material above 
|these rocky points. Nearly all of them 
| occurred under the edge on the water side, 
|a favorable circumstance, since the result- 
‘ant of pressure is in that direction. No 
| fresh water was found on the rock, but 
|salt water entered upon a reduction of air 
| pressure. 

FILLING OF THE AIR CHAMBER. 

The concrete for filling the chamber is 
!all mixed above and let down through the 
| supply shaft ready for distribution below. 

| Nobrick pillars were used as under the 
Brooklyn caisson, the bearings of the 
| frames being so wide as to be equal to all 
contingencies when once uniformly packed 
| under with concrete. The stones, earth and 
sand left in the caisson during the sinking 
were sufficient to fill one-third of the space, 
and since the concrete is going in at the rate 
|of 80 to 100 yards per day, it is probable 
that the chamber will be filled in the early 
| partof July. Final exit will be had by the 
| water shafts. 








made their appearance at 75 ft. were | 
blasted down for some distance under the | EFFECTS OF THE COMPRESSED AIR ON THE MEN. 
shoe, and covered with a foot of compressi- | These were not so serious as first antici- 
ble earth. | pated. The fewcases of death that occur- 
In number six chamber a trench was red could in but two instances be charged 
sunk through the remaining quicksand | to the effects of the pressure. 
under the edge, and filled with concrete to| As thelatter increased, the working hours 
confine the portion remaining within; a| below were gradually reduced from four 
task of no small difficulty, owing to the in- | hours to two hours, twice a day, at 35 lbs. 
flux of water and sand. It is true that scarcely any man escaped 
Any other small irregularities will be | without being somewhat affected by intense 
fully equalized by the great timber platform | pain in his limbs or bones or by a tempo- 
above. rary paralysis of arms and legs; but they 
all got over it, either by suffering for a few 
| days outside, or by applying the heroic 
The first spurs of bed rock were encoun- | mode of returning into the caisson at once, 
tered at a depth of 75 ft., under the shoe | as soon as the pains manifested themselves. 
on the water side. It would seem that the} The shortening of the hours of labor pro- 
caisson had been scraping along a vertical | duced the best results in keeping the men 
wall of rock for the previous 5 ft. at that ‘in good condition; but even this was not 
spot. necessary for all constitutions, because some 
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could remain below with impunity for six 
hours at the highest pressure. 

After the locks were passed the men had 
their choice of coming up either by an 
elevator or by circular stairs. 

During the winter months all tendency 
tocongestion of the lungs, owing to the sud- 
den change of temperature in coming out of 
the locks, was controlled by means of steam 
coils in the latter, so arranged as to warm 
the air when coming out of the lock and to 
cool it when passing in. 

The general condition of the air below 
was very pure, due to the absence of candles, 
and illumination by gas alone. 

Mr. Collingwood found that as the pres- 
sure increased, the gas-burners gave more 
light, and at 35 lbs. a 1 ft. burner gave as 
much light as a 4 ft. burner outside. We 
therefore had a maximum production of 
light with a minimum production of irre- 
spirable gases. 


The services of Dr. A. H. Smith were enga- | 
ged for the purpose of attending to all cais- 


son cases and examining new candidates for 
work below. 
in his treatment, and it is to be hoped that 
his experience will be made public for the 
benefit of future works. 

The fact remains, however, that the 
effects of compressed air on the human sys- 
tem constitute the principal difficulty at- 
tending deep pneumatic foundations. Men 
are somewhat difficult to get, wages are 
high, and the time of labor becomes so 
short that the work must necessarily be done 
under a disadvantage, and under an im- 
mense amount of supervision, where it is at 
all difficult or different from ordinary dig- 
ging in a uniform material. 

Besides two general foremen and fifteen 
under-bosses, it required the daily attend- 
ance of both Col. Paine and Mr. Colling- 
wood, assisted occasionally by Mr. Martin 
and Mr. McNulty, to keep matters moving 
smoothly below and in conjunction with 
affairs above. 

An ingenious mechanical telegraph, con- 
tiived by Col. Paine, proved of great assist- 
ance in keeping up communication between 
the upper and lower world. 


LIGHTING THE CAISSON. 


The ordinary street gas has been the 
only agent used for illumination. Sixty 
burners, divided among the six chambers, 
gave all the light required. The gas was 
burned under a pressure of 1 or 2 lbs. in 





He has been quite successful | 
‘tive flames, answering to the stroke of a 
hammer on a piece of iron, or even to tones 





excess of the caisson pressure, and was at 
all times uniform and plentiful in supply. 

In order to maintain a uniform over- 
pressure of the gas below, independent of 
the sinking of the caisson, a strong cylin- 
drical tank, 6 ft. long and 3 ft. in diameter, 
was placed in the air chamber. This com- 
municated by means of a water pipe with 
another tank of the same size on the dock, 
several feet above the water level. A column 
of water was thus established, having a 
head always a few pounds in excess of the 
caisson pressure, and capable of forcing the 
gas out of the lower tank into the air 
chamber. 

A gas pump above, forced the gas stead- 
ily into the tank below, and as the latter 
would fill with gas, it raised the column of 
water in the tank above, where, at a certain 
stage, a float controlled the throttle-valve of 
the gas pump, and thus regulated the supply 
of gas within restricted limits, the whole 
arrangement being self-acting. 

One interesting fact was observed, which 
may possibly be new, and that is, that in 
compressed air all gaslights become sens!- 


of the voice. 
MOVEMENTS OF THE CAISSON. 


The downward movement of the caisson 
has been under perfect control throughout 
the whole of the sinking. I usually oc- 
curred at low tide and was very gradual, 
owing principally to the wide frames and 
broad shoe. 

While the caisson was passing through 
the mud, river sand and gravel, the frames 
sank through the material without digging; 
but in the quicksand and harder material 
below, the whole frames had to be dug out 
underneath before settlement would take 
place. 

The caisson also sank perpendicularly in 
its true place, no movement occurring in 
any direction. This result was principally 
owing to the facility with which it was kept 
level by digging. 

The side friction was considerable, but 
difficult to estimate, because the frames and 
shoe were seldom entirely clear It could 
not have been less than 600 Ibs. per sq. ft. 
of external surface, varying with the amount 
of air passing out under the shoe. 

The total resistance offered by the side 
friction is, however, quite small when com- 


pared with the total bulk. Ata depth of 
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78 ft. the side friction amounted to 6,000 
tons, whereas the weight of the whole foun- 
dation, including masonry, was 53,000 tons. 

At 78 ft., the excess of the downward 
pressure of the caisson over the upward 
pressure of the air at low tide would aver- 
age from 10,000 to 12,000 tons, not including 
side friction. The air pressure has, how- 
ever, frequently run so low as to give an 
excess of downward pressure of 15,000 tons. 
An excess of overweight is in all cases an 
advantage, as it saves considerable digging. 

The experience with this foundation goes 
to show that a larger caisson is much 
easier to handle, is safer and under more 
perfect control than a smaller one. The 
labor question, however, becomes the most 
serious drawback where a considerable 
number of men have to be brought together 
under abnormal circumstances. The forces 
of nature may be measured and brought 
under control, provided they are properly 
understood, but human nature is not so 
amenable to laws. 


THE BROOKLYN TOWER. 


The work of laying masonry on this 
tower has progressed steadily. Seventy-five 
feet in height have been laid since June 1, 


1871, amounting to 9,300 yards of masonry. 
Twenty feet more are required to bring it 
up to the level of the roadway. 

Below the roadway a number of heavy 


steel and iron bars will be set in the 
masonry for a variety of purposes. They 
comprise six sets of cast-steel bars, 
10 by 2 in, and 60 ft. long, passing 
around the outside of the tower, between 
the masonry courses, and serving as an at- 
tachment for the main under-floor storm 
cables. 

In addition, there are sixteen sets of cast- 
steel bars passing through the connecting 
walls and into the main buttresses. To 
these will be attached the six lines of trusses 
of the bridge as well as sixteen counter- 
stays to the cables. 

The iron bars comprise four smaller sets 


for under-floor stays and twenty sets of 


long tie bars to be laid in the connecting 
walls below the floor. They are all gal- 
vanized as a protection against rust. The 
steel bars were made by the Butcher Works, 
of Philadelphia; the others at Phoenixville. 

All the stone required to complete the 
masonry to the roadway are on hand, and 


at no time has there been any interruption | frames. 
| lift by an endless rope, operated by an en- 


in the work for want of stone. 





The laying of stone was continued dur- 
ing a portion of the cold weather in, Decem- 
ber last, with a view of bringing the 
masonry to a certain stage where the 
winter months could be utilized in removing 
the old boom derricks and putting up a 
new set of hoisting machinery. 

By a plentiful use of hot water and salt, 
this portion of the wall has been laid equally 
as well as the rest, especially as that pro- 
portion of the wall occupied by the cement 
and concrete amounts to only one-tenth of 


the whole bulk. 


NEW DERRICKS. 


The difficulty of guying ordinary boom 
derricks at the water edge at an elevation 
of 80 ft., becomes so great that another ar- 
rangement of stone hoisting and stone set- 
ting machinery was accordingly prepared 
during the summer of 1871, and put in 
position during last winter. These new 
derricks will lay all the masonry to the top 
of the tower. 

The arrangement in general consists of 
three balance derricks, one in the centre of 
each shaft. Each derrick stands on a turn- 
table, 6 ft. in diameter, provided with 
conical rollers, and having a safety tail ex- 
tending to the turn-table into the well-hole 
below. 

The weight of the stone is balanced by a 
weight of pig iron, run in or out on the 
opposite boom as occasion may require. 
The setting of the stone is done by two 
small steam engines attached to the mast of 
each derrick, steam being led up to the 
tower from a boiler in the yard below. The 
derricks are raised, course by course, by 
means of hydraulic jacks. 

Their chief merit consists in their ab- 
solute safety, there being no possibility of 
one falling over. With the boom derricks, 
however, there are numerous guys with 
hundreds of connections, any one of which 
giving way may involve the downfall of the 
whole system. 

Such an occurrence took place last Oc- 
tober, when by the giving way of a defec- 
tive weld, two derricks fell, resulting in the 
death of three men and wounding of five 
others. 

In connection with the setting derricks 
is a double system of stone hoists, consist- 
ing of two railroad tracks, always at a level 
with the top of the wall, and two hoisting 
The stone are raised at a single 
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gine and powerful machinery in the yard 
below. 

Stone weighing seven tons are raised at 
the rate of 100 ft. per min., and are sup- 
plied as rapidly as the setting derricks can 
dispose of them. These tracks are raised 
every 4 ft. 

The general arrangement is essentially 
the same as that used in building the tow- 
ers of the Cincinnati Suspension Bridge. 


THE ANCHORAGES. 


Both towers being fairly under way, I 
would recommend the early acquisition of 
the ground required for at least one anchor- 
age, so as to make a beginning this season, 
and utilize the coming winter by putting 
in the foundation. 

The quantity of masonry in one anchor- 
age is about the same as in a tower, al- 
though of a less costly character and more 
easily put in place. 

Both the towers and the anchorages have 
to be completed before any thing can be 
done with the necessary preparations for 
cable making. 

CONCLUDING REMARKS. 


The pleasant task remains yet of expres- 


! 

! on under the daily supervision of both Col. 
Paine and Mr. Collingwood, relieved at 
times by Mr. Martin and Mr. McNulty, 
whenever the outside duties of these latter 
gentlemen would permit. 

| The labor below is always attended with 

| a certain amount of risk to life and health, 

| and those who face it daily are therefore 
deserving of more than ordinary credit. 

The general foremen below have been 
Messrs. Creen, Young, Woliver, O’Malley, 
and Korner, assisted by twelve underfore- 
men. 

The masonry, carpentry, and machine 
departments have, as usual, been most 
efficiently attended to by Messrs. Douglass, 
Farrington, and Smith; while the draught- 
ing room has been in charge of Mr. Hilden- 
brandt, and occasionally Mr. Vonder Bosch. 

To Mr. Horatio Allen, consulting engi- 
neer, my acknowledgments are due for his 
continued counsel and advice. 

In regard to the relations of the engineer- 
ing department and the general manage- 
ment, it gives me pleasure to bear testimony 
| that all requisitions from the engineer de- 
| partment have been met with the utmost 

promptness, both in respect to quantity as 
well as quality, and that the relations of the 





sing my thanks to the gentlemen who have | different executive branches have been con- 
so ably assisted in the prosecution of the | ducted with a mutual co-operation, conducive 
work, and to whose untiring industry, con- | to the highest results, both in efficacy and 


stant watchfulness, and sound judgment is 
mainly due the success which has attended 
it to the present time. 

The work in the caisson has been carried 


| economy. 
| Respectfully submitted. 
W. A. Roestrye, 


Chief Engineer N. Y. Bridge Co. 


A NEW THEORY OF THE DISCHARGE OF GAS AND STEAM FROM 
ORIFICES. 


(Continued from p. 16.) 


Equation (15) gives the living force of a 
unit weight of fluid passing the orifice 


=... : Pi 
h= hai?" (1 Caged 
combining with (7) and (25) 
ates py 
h=——p,v,(0 -(F) =). (26) 
But 
ayo Pe—P. \*— 
- c= 1-—— n 
te ( Pe ) 
Expanding by the binomial theorem, and 
using only the first terms of the series for 
small values of p,—p,, we have 


Sr a2 oh 
L2 ” Pe 


Substituting in (26) 
_r(n-V) 
= mae—1) 

or combining with (22) 
bee ee 
1+ 

and this is the exact equation heretofore 
employed for the case of efflux under slight 


Ve (Pe—P1) 


(27.) 





difference of pressure. It follows that ¢, 

| for such difference, assumes the value here- 

| tofore given in the tables for efflux of air. 
It is to be remarked that equation (27) 

: holds for ordinary fluids, as water. 

| Regarding water as practically non-ex- 

pansive, the pressure-curve U, U, (Fig. 3a) 
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nearly coincides with the vertical U, v,; v, 
is nearly identical with v, and the hatched 
surface is approximately rectangular, hence 
h + =e (p2—-Ppi) 

and putting W= ¢ h, we have equation (27). 
These equations are usually employed with 
the substitution of the density y (weight of 
the cubic unit) ; hence 


h(1+ sj=P2—P 
y 


and from (22) 


n—1 x«-1, 


~ a (+s) 

Assuming that the adiabatic curve U, U, 
(Fig. 3a) forms a vertical straight line, 
ban «, 


n 


n-1__ 


n—-1 1 
n 145 
and instead of (26) 


which, for small differences, takes the form 
of (27). 

From these formulas new principles may 
be deduced, to which reference will be 
made. 

Suppose a very large vessel filled with 


water; that the pressure p, and the tempe- | 


rature T, are constant in the horizontal 
plane of the orifice ; then the specific volume 
during efflux may be regarded as constant ; 
then d v=0, and equations (3) and (4) give 
for Q = 0, 

h+ W=(p.—p-_)v, . 


a i 


(28.) 
and 


The change of interior work or heat of | 


water I consider as proportional to the 
change of temperature. Hence if the 
water passes through the orifice with the 
temperature T,, c= 1 being the specific 
heat of water, 

AW=c (T, —T,) 

The resistances at the orifice cause the 
water to pass the orifice with an increased 
temperature, which can be determined by 
calculation. 


Since W = ¢ h and v, => we have 


Po-P\ 


- ¥ 


r 


, PoP ont We 
Y 1+$ 
hence by preceding equation 
a P2—Pi 
ae Ss 


Y 
It follows that a 


(29.) 


signifies the excess 


of pressure measured by the water-column ; 
if this is H, then 


?,-t,.——; 


e¢(1+%)° 
If the water is caught in a vessel the 
water comes to rest and a temperature T’; is 
taken up expressed in the equation 
Ah=c(I,'—T,) 


AH (30 ) 


From (31) 
1,-T,= 
From (30) 
e(T,- T2)=AH (2. ) 

The whole work corresponding to H, is 
therefore contained in the water in the form 
lof heat, and the work of resistance is not 
| taken into account. The last formula may 
|be found directly. Because p, is constant, 
| the fluid unit takes up the work p, v, and 
| gives out the work p,v, and as the fluid is 
| at rest both at the beginning and the end of 
| the process, it follows that p, v.— p, =H 
|must have been contained in the water as 
|heat. These investigations are not rigor- 
‘ously exact, for it is assumed that the 
'change of interior work is proportional to 
| the change of temperature, and that water 
| is absolutely non-expansive. 
The differences of temperature as ex- 
| pressed in (30), (31) and 32), are entirely in- 
|appreciable for ordinary heads. In order 
| that flowing water should receive an incre- 
iment of 1 deg. Celsius it must be discharged 
| under a pressure of a column of water of 424 
metres. 


1 


——_——.AH 
c(its, 


. (31) 





(6.) DISCHARGE OF SATURATED STEAM. 


In case of saturated steam the tempe- 
rature is a function of p only, and is deter- 
mined by experiments; while the specific 
volume is a function of the temperature ¢ 
only, or of the pressure p. In the “ Grund- 
zige”’ I have calculated the values for seve- 
ral cases, and have shown that the relation 
between pressure and volume is given with 
| sufficient exactness by an empiric formula. 

Represent the volume of the unit weight 
of saturated steam s, and the pressure in at- 
mospheres by p; then 

ps™=M ‘ (33. ) 
in which m= 1.0646 and M = 1.704, the 
pressure p being given in atmospheres. 

Lay off (Fig. 4) s as abscissa and p as or- 
dinate, thus constructing the curve C ©, 
| which we call the limiting curve of steam. 
Consider the curve as drawn and the values 
of p and v as given for a certain case; then 
| there are three cases tu distinguish. 
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If the corresponding point falls on the 
limiting curve, it is indicated that the steam 
is saturated and pure (without mixture with 
water); but if the point falls within the 
curve as at A, Fig. 4, in which case v < ss, 
it is a proof that the steam is wet, 7. e. 
mixed with water. Then the ratio of mix- 
ture, 7. e. the specific quantity of steam, or 
the weight of steam in the unit weight of 
mixture, can be calculated from the given 


d 
Fig4 








o! 











volume v. The volume of the steam is x 8, 
the volume of the water is (l1—2) 0, o being 
the volume of a kilogram of water, (¢ = 
0.001 cubic centimetres); hence 

v=2s + (l-z)e 
or 


v= 2 (s—¢)t+e (34. ) 


(35.) 


But if v> s and the point B falls out- 
side the limiting curve, it is shown that the 
steam is non-saturated or superheated ; and 
the temperature T is higher than that of 
saturated steam or of a mixture with equal 
tension ; and the relation between p, v and 
T is 

k-1 
pv=BT-Cp., (36.) 


For the steam from water k = 4, and if p 
is given in atmospheres, B= 0.0049287 and 
C = 0.187815. 

Suppose a mixture of steam and fluid as 
discharged under constant pressure p, into a 
space in which is maintained the constant 
pressure p,; then equations I., IT., and III. 
hold as well as the graphic illustrations in 
Figs. 3a and 3b. If heat is neither gained 
nor lost, and there is little resistance, then 
the problem is solved as in my ‘“ Locomo- 
tivblasrohr,” p.76. For the formulas there 
given may be substituted approximate for- 
mulas more convenient for application. In 
the “Grundztigen,” it is shown that the 
equation for the adiabatic curve of satu- 





rated steam is approximately the same as 
that for gases: viz: 

pr =p, v,* =p, v," 
in which 

k=1.035 + Ola, . (37.) 
x, being the initial specific quantity of 
steam, and lying between 0.70 and 1. 

It follows that all the formulas above 
deduced for permanent gases (with excep- 
tion of those concerning the expansion of 
the steam outside the orifice) hold true in 
this case. In case of resistance, for the 
exponent & is to be substituted the efflux 
exponent » (eq. 22). 

A numerical example will serve for illus- 
tration of these principles, and of the occur- 
rence of certain peculiar phenomena in the 
efflux of dry or wet steam. 

Let a boiler contain dry saturated steam 
of a tension of 4 atmospheres, which flows 
through a cylindric ajutage with well round- 
ed edge, into free air. We have x,—1, and 
by (37) & = 1.135. Suppose ¢= 0.1; then 
by (22) m = 1.1212. From (33) and (34) 
Vv, = 8, = 0.4484. At the left we set re- 
sults for no resistance ; at the right for re- 
sistance ; the coefficients are 

n==k =1.136. n = 1.1212. 

By (23) since F*= 4 

v, = 1, 5209. v, = 1.5439. 

At the orifice there is a pressure of one 
atmosphere, and since the specific volume 
of steam of this tension s,—=1.6504 and 
both the preceding values for volume are 
less than this, it follows that the steam at 
the orifice is wet, and that a part is con- 
densed. 

The specific quantity of steam at the ori- 
fice is (35). 

x,==0. 9215. x, = 0.9354, 

It follows that in case of resistance a lit- 
tle less steam is condensed. 

From (15) 

h = 23687 .6 
hence by (19) 
W = 682.73 met. W = 652.391. 

If the area of the orifice is expressed in 
square metres (F), then by (20) the weight 
of steam and water discharged in a second 
(with no contraction) is 

G= 448.2 F. kilog. G = 422.6 F. kilog. 

The weight D, of steam, is 
D=G (2,) = 413.0 F. kilog. D=—395.3 F. kilog. 

The quantity of water W is 
W=G (1—a, )=35 2F. kilog. W 27.3 F. kilog. 

Outside the orifice the stream expands 


h=21692.8 
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under constant pressure; if 7,== the temper- 
ature of the steam, and 2’, the specific quan- 
tity of steam after expansion, then 

AA=r, (@',—2,) (38.) 

If x’,;= 1 the steam is pure and saturated; 
if x',—1, then the steam has become super- 
heated and the following equation applies 

Ah=r, (1—a,) + ¢p (t'; —t,) (39. ) 
in which C, is the specific heat of the super- 
heated steam under constant pressure. For 
steam of water put C,—=0.4805 and find ¢’, 
and v’, by (26). 

In the above example, since, according to 
Regnault, for steam at one atmosphere 7,= 
536.5, by (38) in both cases 

x ,» == 1.0256 x’ ,=1.0308, 


| 8 = 38.1064 and B= 0,0049287. 





which is impossible. Hence in both cases 
the steam in expansion passes to the super- 


heated condition; and (39) must be em- | 


This gives, since ¢, = 100°C, 
t,’ = 128.6. t, = 134.4. 

From the foregoing considerations these 
values should be equal. The difference is 
explained by the fact that the formulas 
given for steam are only approximately cor- 
rect, and that the constants found by ex- 
periment are not trustworthy. But certain 
experiments of Hirn confirm the above re- 
sults ; for the above case he found ¢’,==133°. 

Suppose in the foregoing example that 
the steam is notdry, but mixed with water, 
then assuming 
f, = 1; 0.90; 0.80; 0.70; 


ployed. 


+ 
we have 

xz, = 0.9354; 0.8504; 0.7637; 0.6753. 

W = 652.4; 620.5; 586.5; 550.1 

G = 422.6 F.; 442.1 F.; 465.2 F.; 493.4. 

Hence the quantity increases with the 
saturation. 

Finally, it is to be especially remarked 
that according to the degree of the force of 
resistance, the steam may pass the orifice 
pure and saturated or in a superheated 
condition, although the same when in the 
discharging vessel may have been saturated 
with or without mixture with water. 

For example, if the steam was dry and 
saturated before discharge, and is to pass 
the orifice in the same condition, the expan- 
sion curve should coincide with the limit- 
ing curve; therefore for water-steam the 
ettiux exponent » should be identical with 
the value m 1.0646 ; and since & = 1.135 
we find the resistance co-efficient for the 
required orifice by (24) to be ¢=0.9601. Or- 
dinary ajutages give no such large co-efli- 
cient. 





(7.) THE EFFLUX OF SUPERHEATED STEAM. 


In equation (36) is given the relation be- 
tween pressure, volume and absolute tem- 
perature for superheated or non-saturated 
steam. This equation, since 4 =1.3333, may 
be written 

pv=B(T-8y/p) (38.) 
in which p is expressed in atmospheres. 
B has 
the same meaning as the constant R in the 
equation for gases, if p is measured in 
metre-kilograms. 


Then 
Cp (Ie—1) 
2 
in which C,—0.4805. 

The equation of the adiabatic curve for 
superheated steam is the same as for gases 
(17), according to our hypothesis ; but for & 
is to be substituted the value given above. 
The isodynamic curve is also identical, be- 
ing an equilateral hyperbola. 

It follows that the above theory for 
efflux of gas holds for steam ; still, two 
cases are special and require particular 
attention. If the steam is superheated in 


(39.) 


Fig 5* 























the discharging vessel, it may, under certain 
circumstances, pass the orifice saturated and 
even mixed with water, if the expansion- 
curve cuts the limiting curve, which usually 
happens in case of slight superheating. In 
case of great superheating the steam passes 
in that condition. Figs. 5a and 5d represent 
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both cases. C Cis the limiting curve; p, ve 
T, and p, v, T, respectively show the condi- 
tion of the steam in the discharging vessel 
and at the orifice ; the curve T, T, is the ex- | 
pansion-curve and the hatched portions 
show the value of h + W. | 

Ordinarily we have given p,, T, in the | 
discharging vessel and p, in the receiver ; if | 
¢ is given, the efflux-exponent is found by 
(22), putting 44%. Then from the equa- 
tion p, v,"=p, v;" (40) is found the specific 
volume v, at the orifice; v, having been | 
found by (34). If v, is larger than the | 
value corresponding to the volume s, of dry | 
saturated steam at pressure p, by (33), it is | 
indicated that the steam at the orifice is still 
superheated, and this case is represented | 
in Fig. 5a; the other, in which vj=s,, when 
the steam passes wet, will be considered 
further on. 

Suppose the discharging vessel to con- 
tain superheated steam at p,—= 4 atmos., and 
t, == 290° Celsius; and T, = 523°. Let 
the discharge pipe have a rounded mouth, so 
that¢= 0.1. Let p,=1 atmos. or 10334 
kilog. sq. met. From (22) n = 1.2941; 
from (38) v.== 0.5780 ; from (40) v,=1.6872. 
Then by (38) the temperature at orifice 
T, = 380.43° or ¢,=107.43 Cels.; and since | 
for dry saturated steam at one atmos., the | 
volume s, 1.6504, and the temperature is | 
100°, the steam at the orifice is somewhat 
superheated. By (15) h = 25829.6, and | 
hence the true velocity. 
711.88 metres, and for a = 1, G=421.9 F. | 
We find the velocity much greater than for 
saturated steam at 4 atmos.; while the 
quantity is nearly the same; a result which is 
accidental. 

The specific volume v,' after expansion is 
found by (IVa) because the internal work | 
is determined by the equation p, %,' 

2 VU, Hence in the above example »v,' 
2.3121, and by (38) ¢,’= 261.2° Cels., or a 
little more than in the vessel. 

As to the other case in which v, > &,, 
the expansion curve also intersects the limit- 
ing curve; hence the steam leaves the dis- 
charge pipe mixed with water, although 
superheated in the vessel ; so that the result 
is approximate only. The expansion curve 
breaks at the point T, and the hatched area 
consists of two parts; T, T being the expan- 
sion curve of the first, and T T,, of the 
second. If k and m correspond to the adia- 
batic curve of the first (superheated), and 
k, and n, to the adiabatic curve of the 
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second, we have the equation 


a %, 
A= a ( Pe Ve—p v) —— (p U—Pp, ¥,) (41.) 


in which p and v are the co-ordinates of T 
(Fig. 56) and v, is the volume of wet steam 
passing through the orifice. 

If p, and T, are known », is found by 
(38), and for the intersection we have 

p U* = Pz Ve" (42.) 
But as this point is on the limiting curve 
(33) holds, and we have 
2 v® == M. 
have from 
Pp; v= p ue, ‘ . (44.) 
the volume v,; 2 by (41); W, and G; as 
well as the ratio #, by (35). 

Assuming p.=4; p,—=1 atmos.; but ¢,—= 
200 Cels. 7. e. T,—= 473°, then we have from 
(38) v, 0.5164; n = 1.2941 and n= 
1.1212. 

Combining (42) and (43) 

p = 1.7190 atm. and v = 0.9918 cub. met. 

From (44) v,= 1.6079. By (41) h =23340,1. 

W =//2gh = 676.71 metres. 

Ga” 

1 

x, = 0.9742. 

Hence there passes in a second Ga, == 410 
F. kilog. of steam and G (1—2,) =10.9 F. 
kilog. of water. So the velocity is less, but 
the quantity nearly the same, as in the case 
when the steam is discharged superheated. 

The method of calculation would be the 
same if resistance were left out of account. 
In that case n==k and n, = k,,. 


(43.) 
Then we 


=420.9 F. 


(8.) THE AREA OF ORIFICE. 


In the foregoing investigations it was 
assumed that the pressure p, reaches ex- 
actly to the plane of the orifice, and that the 
stream does not suffer contraction, It is 
to be remembered that the pressure was not 
the same as in the receiver, but that equality 
occurred somewhere outside the orifice ; in 
this case, in the above formulas F is not 
the orifice-section, but is that taken at this 
place, and is termed the efflux section. For 
orifices in a thin wall this section, as ap- 
pears by Weisbach’s new experiments, must 
doubtless be smaller than orifice-section ; 
the ratio must be determined by experi- 
ments, and the result would be the contrac- 
tion co-efficient. But if the efflux-section is 
assumed larger than the orifice-section, as 
seems possible in the case of certain ajuta- 
ges, there is no contraction, but an expan- 
sion of the stream, giving an expansion co- 
efficient a>1. 
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The conjecture that the efflux-section 
under certain circumstances is greater than 
that of the orifice, was mentioned in my 
work “Ueber den Ausfluss von Diimpfen 
und hocherhitzten Flissigkeiten.” Ran- 
kine showed that this was the fact for cer- 
tain shapes of orifice. He compares the 
results of our computations for dry satura- 
ted steam with those of Napier, and finds 
that experiments always give a larger quan- 
tity of discharge than was indicated by 
theory, and that the difference increases 
with the steam pressure in the supply ves- 
sel. Rankine calculates the expansion co- 
efficient for several cases for dry saturated 
steam, and finds values which are especially 
large for high pressure; from which it was 
to be inferred that in such circumstances 
the efflux section was quite removed from 
the orifice. We are not acquainted with 
the results of the experiments of Napier ; 
but from the fact that Rankine accepts 
them in his discussion, we conclude that 
they are trustworthy, and hence that there 
remains a point to be explained in the 
theory of efflux of gas and steam. The in- 
vestigations heretofore made are not affected 
by the fact that they relate a new theory 
of the influence of resistances; the uncer- 
tainty consists only in the determination of 
the efflux section upon which the velocity 
and quantity must depend. 

What remains to say in the present con- 
dition of the subject gives opportunity to 
touch upon a question treated by Rankine 
and Kolster, and to mention a slight modi- 
fication of their treatment, because of the 
above results. 

According to (15) the efflux of gas or 
steam is given by the formula 





—_ / k 
aise y a (Pe Ve—Pi Y%) 
And 


Combining and eliminating 
. a Pe (2:)r—(2! y= (45 
¥ = Vv ve [ Pez Pe ] ) 


A glance at this formula shows that there 





& k 
ET 


is a certain ratio Pe for which the bracket- 
Pp 


ed quantity is a maximum, so that if @ is 

constant, G is a maximum. Differentiating 
eZ 2 
Pe ~ ints 


nm 
nl 


(46. } 





’ 1 
Pe = =()= - + (4h) 
and 
eM Mieke s « O83 
T, Peeve n+l 

For a given ratio of pressures the above 
equations give the efflux velocity and the 
quantity. The formulas agree in form 
with those of Rankine and Kolster, except 
that they use instead of the exponent & of 
the adiabatic curve. Suppose, for example, 
that in the supply vessel is contained pure 
saturated steam, and that ¢ = 0.065; then 
by (22) m == 1.1257; and by the foregoing 
equations 

Pi — 0.5793 ;-2" = 1.6240 ;?' "* — 0.9108, 

Pe Us Pe V2 
and tke ratio of pressures _ 
S_ 2195.50, / Ps 
F V 
in which p, is expressed in atmospheres. 

If a is given, this expression would be the 
maximum of discharge, and if the steam 
is to flow into the free atmosphere the pres- 
sure in the vessel must be 1.726 atmos. 
For any other pressure in the vessel the 
quantity would be less, if @ is constant. 

Napier supposes a quantity of dry satu- 
rated steam discharged through a well- 
rounded adjutage. If p,>> 2 p, his formu- 
la is 


(49.) 


G / Ds 
= 210,’ Pe 
F Vv, 
But if p.<2 p, itis 
G /Dif, Pr \Pe . 
= 420 / P,P) Pe. . i. 
F Vv PAG ed Ue ~ 
With regard to Eq. (50) it is to be re- 
mawked that it gives Eq. (45) under the hy- 
pothesis p,>2p,. Rankine infers that a 
varies in such a way that 


/ Pr 2 np, \" - 
. V (2): -(5) 

is constant. I accede to this inference, but 
shall add a second which leads to important 
and simple principles, by which (45) gives 
Napier’s results exactly. schasiniaad 

Comparing the constant factor in Napier’s 
equation (50) with (49), and assuming that 


the limiting ratio = must be not 2, but, as 
yy 


(50.) 


in the case of dry saturated steam, 1.726; 
we conclude that a@ must be 1; that is, the 
efflux section equals the orifice section. 
But if this ratio is greater, then by (46) 


Bs) t at 
Pe v2 
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/{, 2 \* f-t 
Asal /m 

from which a and a F can be found. 

The following is simpler, giving the same 
result, but holds only for tubes and round- 
ed orifices. We have 

Pe n+ y_* 
a ae ei 

Now if the given pressure ratio is greater 

than or equal to the value found by the for- 


mula, then in (45) put a= 1, and for - 


2 
the value given by (46). Rankine’s hypo- 
thesis also maintains that the pressure at 
the orifice can not fall below the value p,—= 


zz. i 
Pa »=1, however small the external 
n+) 


pressure, even in case of discharge into a 
vacuum. 
In this case from (15) and (48) 
/2g.k 


n—l 
Wey k—1 + om De Ue 
which is independent of external pressure. 





n+ 4 


Now if * is less than the limiting value, 


Pi 
then Napier’s equation (51) applies. But 
I find that this equation is nothing more 
than the approximate formula of (45), 
if a= 1, and p, represents the external 
pressure. For example, if p,—1 and p,= 
1.2 or 1.4 

G 

F 
while Napier gives as the results of his ex- 


periments 146.83 and 205.77. 


= 146.95 or 200.83 kilog. ; 





We conclude that in the second case the 
external pressure p, extends to the plane of 
the orifice, and at either side the eftlux sec- 
tion is identical with the orifice section. 

For the efflux of gas and steam we ob- 
tain from the above the following rule. For 
tubes and well-rounded orifices the quantity 
from the formula (compare (45)) 


G_/gg 2_ (ey (2 F 
Fe of 8957; Mie) -G@) ] 
without co-efficients of correction. The 


pressure at the orifice is indicated by p, and 
this is identical with p, if 


Pe <( at ) es 


Pr 
2 = 
p=r( >) = 
and in this case the p is independent of the 
external pressure 7. 

There is hardly a well-grounded objection 
to the results of this investigation, though 
I have not reviewed the methods and ex- 
amples of the earlier paragraphs, so much 
trust is to be put in the results of Napier’s 
experiments, yet it is desirable to test the 
principles by experiments on atmospheric 
air. 

The earlier experiments of Saint Venant 
and Wantzel on the efflux of air give re- 
sults which seem to confirm our conclusions, 
but these were made with small orifices. 
For final settlement further experiments 
should be made. We are engaged with 
such, and shall return to the subject and 
examine the results of Weisbach so far as 
they refer to discharge under high pressure. 





otherwise 





ON A NEW MODE OF DEALING WITH SEWAGE PRECIPITATES. 


By MAJOR GENERAL H. Y. D. SCOTT, C. B. 


From the “ Journal of the Society of Arts.” 


No elass of doctors have differed more 
than sewage doctors, and the class has been 
recruited trom widely different professions. 
Civil engineers, farmers, chemists, medical 
men, and clergymen have all had their 
nostrums, and each sewage doctor has 
thought his neighbor a quack. At length, 
however, there appear signs of meekness in 
the opposing ranks, and the sober-minded 
of each party, whether filtrationists, pre- 
cipitationists, irrigationists, or disinfection- 
ists, are listening with more attention to the 





conceive it possible that their own systems 
might receive aid from the adoption of por- 
tions, at least, of some of their enemies’ 
schemes. The following propositions will 
not, I believe, be contradicted now by any 
but enthusiasts : 

1. Though there are many cases in which 
the dry earth and analogous systems may 
be usefully employed, such systems are 
better adapted to country than to town 
life. 

2. Large communities congregated in 


views of their opponents, and beginning to | cities, and accustomed to the convenience 
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and cleanliness of water-closets, will not 
abandon the luxury if they can by any 
means retain it. 

3. If the excreta could be disposed of by 
a dry-earth system of disinfection, the 
animal and vegetable matter, e. g., cabbage 
water, the scourings of plates and dishes, 
and all the other impurities arising from 
the domestic operations of daily life, must 
be removed by water, and the water so 
used must be purified before it is allowed to 
run into our streams and rivers. 

4. For the final purification of contami- 
nated water, no artificial process, whether 
chemical or mechanical, can compare with 
filtration through a considerable depth of 


soil and of wide extent as compared with | 


the water to be dealt with. 

5. However valuable sewage may be to 
the farmer at such times as he may want it, 
if he be obliged to take it at all seasons, he 
will prefer being without it. 

6. Whether sewage is to be utilized for 
purposes of irrigation or to be simply 
cleansed by filtration, it is advantageous to 
remove the fecal matters, either by subsi- 
dence, by filtration, or by precipitation, or 
by a combination of these methods. 

7. Sewage is a comparatively harmless 
and inoffensive compound when fresh, but 
becomes highly offensive and deleterious 
when it has undergone putrefaction. 

8. Putrefaction is greatly encouraged by 
the presence in the sewage-water of fecal 
inatters, and their removal is, therefore, an 
important object, independently of the irri- 
gation question. 

9. The fecal matters of sewage have very 
little value as fertilizers, and in rare cases 
only can repay the cost of collection and 
distribution for agricultural purposes. 


10. Such feeal matters cannot be collect- | 


ed and removed without creating a nuis- 


ance, unless they are previously treated with | 


a considerable portion of deodorizing sub- 
stances. 

The use of water, then, would appear to 
be a necessary evil; and if it be granted 
that the civilized being will prefer taking 
the chance of poisoning his neighbor who 
lives lower down the stream to having his 
own senses of sight or smell, or his senti- 
ment outraged, which would appear, by the 
frequency of injunctions, to be sufficiently 
proved; and if it is hopeless to innoculate 
the Englishman with the careful practice of 
the Chinese in respect of his excreta, it be- 
hooves us at once to endeavor to reduce the 


'verting what has proved worthless, 





nuisance of water carriage to a minimum. 
The proposal which I have to lay before 
you this evening is an effort in this direc- 
tion. My scheme makes no claim to the 
complete purification of sewage water, or to 
supersede irrigation or filtration, when 
these processes can be carried out, nor does 
it pretend to extract from the water those 
highly fertilizing but soluble substances 
which are known to exist in sewage. It 
aims simply at removing from it the fecal 
matters (which are injurious, whatever the 
destination of the sewage) by the cheapest 
possible precipitants, and subsequently con- 
: as 
hitherto dealt with, into a marketable sub- 
stance. 

In all the schemes proposed for dealing 
with the deposit of sewage, the one idea 
hitherto has been to convert it into manure. 
The chemist may have demonstrated that 
the fertilizing ingredients of the deposit are 
in themselves almost valueless, owing to 
their being necessarily laden with an im- 
mense proportion of worthless matter; he 
may have shown that the deposit, though it 
may have increased value given to it by the 
introduction of fertilizers, gains its improve- 
ment in a very wasteful manner; but the 
idea still holds its ground, and within the 
last few days another sewage manure 
scheme has been announced to the public. 

As early as 1861, the Sewage of Towns 
Commissioners stated that, “the value of 
the solid portions of sewage being small, 
all attempts at realizing protits from its pre- 
paration have signally tailed ;” and, in 1870, 
their successors, the Rivers Pollution Com- 
missioners, express a similar opinion. They 
tell us that “experience has warned the 
manufacturer of these feeble manures that 
the value indicated by chemical analysis 
cannot be counted on in the market.” Dr. 
Odling speaks of another sewage manure as 
“so extremely poor.” Krepp says: “ These 
instances are enough to prove that solids 
extracted from fluid sewage cannot be 
manufactured into dry manure so as to pay 
for the trouble;” and Mr. Corfield, the 
author of the “ Treatment and Utilization 
of Sewage,” gives his testimony that “ the 
manures that they produce are in every 
case very inferior, as may be expected from 
the known value of the sewage constituents 
that can be precipitated.” Nevertheless, 
sewage manure schemes prosper, showing 
this—if they show nothing more—that the 
object aimed at—viz., the satisfactory util- 
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ization of sewage slush, is one of the ut- 
most importance to the community, and 
this must be my apology for bringing my 
own scheme before you this evening. 

It must be conceded that the plan for 
dealing with the question which I am about 
to propose will, at first sight, appear even 
less calculated than the manure schemes to 
accomplish the desired object; but a very 
small amount of chemical knowledge, and a 
few words of explanation, will render the 
reasonableness of the process evident, and 
remove any objection which ignorance may 
raise to the employment of a material so 
prepared. 

Before entering, however, upon the ex- 
planation of the process, I desire to call your 
attention to one feature of my plan of deal- 
ing with sewage, not necessary to the suc- 
cessful treatment of the sludge, but con- 
ducive to good results, and highly desirable 
from a sanitary point of view. 

The attention of the public was forcibly 
called, towards the end of last year, to the 
evil results which may arise from the 
escape into our horfses of sewer gases, 
generated by the decomposition of the 
organic matters in sewage ; and any method 
which would tend to lessen the probabili- 
ties of the danger which the nation then in- 
curred from this cause is well worthy of its 
attention. 

In the precipitation of sewage, and for 
its deodorization, it has been the practice 
always to introduce the necessary chemicals 
at or near the depositing tanks, and to em- 
ploy mixing machinery to agitate the 
chemicals with the sewage water to be 
operated upon. However perfect such ma- 
chinery may be, the mixture, when large 
bodies of fluid are present, remains incom- 
plete, and much of the material introduced 
passes off in the effluent water without 
doing its work. To obviate this, I have in- 
troduced the chemicals at a point of the 
sewer at a long distance from the outfall, 
and have taken advantage of the motion of 
the water to procure their thorough admix- 
ture with the sewage. 

The first impression, when such a plan is 
proposed, is that the precipitation will take 
place in the sewer, and that an accumula- 
tion in the bottom of the drain of the pre- 
cipitated matters must result, but this is not 
the case. On the contrary, the slimy gluti- 
nous nature of untreated sewage is destroyed 
by the precipitation, and in lieu of the slime 
we obtain a sort of curdling, and a multi- 





tude of small floating particles are produc- 
ed, which actually clean and scour the 
drain instead of choking it. Thus it fol- 
lows that no fecal matter is left to fester 
and putrefy on the sides and bottoms of the 
sewers, and the whole of the sewage is de- 
livered at the outfall in a fresh condition, 
deodorized in the most effectual manner 
which the chemical employed can bring 
about. At Ealing, where this system is 
being carried out by my brother, Mr. T. 
W. Scott, subject to the supervision of Mr. 
C. Jones, the engineer of the Local Board, 
the results are very striking. The sewer- 
age has two main branches, one from the 
railway station end of the village, the other 
from Ealing Dean, and the lime is intro- 
duced in the former one at a distance of 
three minutes’ walk from the station 
and twenty minutes’ walk from the 
tanks. In this branch the drain is clean 
throughout; from the Ealing Dean sewer, 
with each flooding from heavy rains, 
we get down a quantity of decomposing 
sewage, andthe drain is found to be greasy, 
slimy, and coated with black deposit. 
Moreover, in the first drain, the formation 
of sewer gases being arrested by the rapid 
removal of matters which might otherwise 
putrety, the atmosphere, of the drains is 
found to be so inoffensive as to occasion lit- 
tle annoyance to the workmen who visit 
them. ‘the importance of these results 
cannot be over-rated, and this mode of in- 
troducing the chemicals has no less an au- 
thority in its favor than that of the Presi- 
dent of the Civil Engineers, who recom- 
mends its adoption for Birmingham. 

All processes for the precipitation of 
sewage depend for their etticiency upon a 
very simple action. Sewage, as has been 
said, is slimy and glutinous. Though the 
grosser particles in the liquid will subside 
on standing, the liquid will not clear itself 
unless a coagulation is produced in it which 
can lay hold of the solid suspended matters. 
The etfect of adding chemicals which will 
unite with some substance in the fluid, or 
with each other, is to produce this coagula- 
tion. It thus happens that, with the min- 
eral matter so formed, the whole of the fe- 
cal matters are entangled and subside, leav- 
ing the liquid more or less colorless and 
bright. These fecal matters consist in large 
part of organic compounds, which, when 
dried and distilled, yield great quantities of 
inflammable gases. In India, indeed, they 
have been used for illuminating purposes. 
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The dried slush will burn freely when col- 
lected in some quantity. This fuel plays 
an important part in my process, as will | 
hereafter appear. 

Various methods have been employed | 
for the precipitation of sewage, and the 
mere enumeration of them would occupy 
more time than we have at our disposal. 
Many of them clarify and deodorize the 
sewage in a very satisfactory manner, but 
the expense of the chemicals necessary, and 
the worthlessness of the products obtained, 
have been a bar to their successful applica- 
tion. They have, consequently, one after 
the other, been abandoned, and have often 
been pronounced unsatisfactory, owing to 
the economical views of the governing bod- 
ies of the places which have tried them, 
and which have led to such a reduction of 
the chemicals used as entirely to vitiate the 
process. It is manifestly, therefore, of im- 
portance that the chemicals employed should 
beofthe cheapest possible description ; for in 
proportion to their value will be the likeli- 
hood of the recurrence of such economy 
when the slightest difficulty or delay arises 
in the advantageous disposal of the pro- 
duct; and this difficulty has been one of 
the worst drawbacks to every process yet 
tried. Of all the precipitating ingredients 
yet employed, lime has proved the simplest 
in application, and least costly. Dr. Leth- 
eby, writing in the medical press, ob- 
serves on it: “In a sanitary point of view, 
the careful precipitation of sewage with 
lime has undoubtedly been very successful, 
although it has not been found a success 
commercially, for the precipitate is chiefly 
composed of carbonate of lime and non- 
nitrogenous organic matter.” Wherever, 
indeed, this process has been fairly tried, 
a remarkable improvement of the neighbor- 
ing streams has taken place. “The Tot- 
tenham Local Board of Health,” says Dr. 
Letheby, “ were so pleased with the pro- 
cess, that in the early part of 1857 they 
published a testimonial to the effect that 
Mr. Higgs was treating in a most satisfac- 
tory manner the sewage of from thirty to 
forty miles of sewers, and discharging the 
supernatant water in a comparatively pure 
state into the river Lea, so that the Board 
were thus enabled to sewer and drain their 
populous district without annoyance to any- 
one. At Leicester, also, in 1858, three 
years after Mr. Wicksteed’s works had 
been established, the river Soar had be- 





come changed from a most foul and pesti- 
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lential stream into a comparatively pure 
river ; for before the sewage was purified by 
Mr. Wicksteed’s (lime) process the water 
of the river was black with decomposition, 
all the fish and aquatic plants had been 
killed, and persons exposed to its influence 
were constantly ill. At the Belgrave Mill, 
which is just below the point where the 
sewage enters the river, the foulness of the 
stream was such that in the summer time 
the water of the mill-dam appeared to boil 
with putrefaction, and the stench was in- 
tolerable. So large, indeed, was the quanti- 
ty of sulphuretted hydrogen evolved from 
the water, that the silver in the men’s pock- 
ets turned black in a few hours, and, as 
might be expected, those who worked at 
the mill were constantly affected with diar- 
rhoea, and rapidly fell off in health. One 
man only, out of thirty, in eighteen years, 
had been able to withstand the effects of the 
effluvium, and he it was who gave us an 
account of the matter. But soon after the 
lime process had been adopted, the river 
presented an entirely different appearance, 
for aquatic plants had begun to flourish, the 
fish had returned, the black mud had ceas- 
ed to accumulate, and the mill-dam was no 
longer offensive. All along the stream the 
people spoke of the change with satisfaction, 
for the process had evidently fulfilled the 
requirements of the local Act of Parliament, 
which demands that the sewage water dis- 
charged into the river from the works shall 
not occasion a nuisance, or be injurious to 
the health of those who live or are employ- 
ed upon the banks of the stream.” Dr. 
Letheby goes on to say:—“ At first the 
patentees of this process were so sanguine of 
commercial success, and entertained such 
extravagant opinions of the fertilizing pow- 
er of the dried sewage precipitate, which 
they called ‘sewage guano,’ that great 
and unnecessary expense was encountered 
in the construction of the works at Totten- 
ham and Leicester. They were built, in 
fact, with a view to commercial profit rather 
than for sanitary purposes; and, therefore, 
as soon as it was found, from experience, 
that the manufactured product had little or 
no agricultural value, and that the under- 
taking was unprofitable, the works were 
abandoned by the patentees and transferred 
to the local authorities. In the case of Tot- 
tenham, the machinery and plant, erected at 
great cost by Mr. Higgs, was purchased at 
an almost nominal price by the Local Board, 
who could, therefore, well have afforded to 
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use their property for sanitary on, 
but instead of this, although ample proof | 
had been afforded of their sanitary capabili- 

ties (as witnessed by the testimonial of the | 
Board to Mr. Higgs in the month of Feb- 
ruary, 1857), yet they were so neglected and 
improperly managed as to have become at 
last a mere pretence of the objects for which 
they were designed and employed. The 
contrast, indeed, between the condition of 
things in 1857, as described in the testimo- 
nial of the Board, and subsequently, was 
most marked ; for at that time—to use the 
language of the testimonial—the superna- 
tant water was discharged in a compara- 
tively pure state into the river, so that the 
Board by these means were able satisfactorily 
to sewer and drain their populous district, 
and dispose of the sewage without annoy- 
ance to any one. Almost as soon, however, 
as the works had passed into the hands of 
the local authority, the process was so im- 
perfectly conducted that the Trustees of the 
River Lea were obliged to commence legal 
proceedings, on account of the pollution of 
the river and the nuisance created by the 
discharge of foul, undefecated sewage from 
the works, and this at last became so serious 
that an injunction was obtained to prohibit 
the offensive practice of the Board.” 

Dr. Letheby then states that at Leicester 
also the process had recently been seriously 
neglected, and that at the time of a visit 
which he had paid to the works the estima- 
ted quantity of lime necessary was not being 
used, and the river was fast returning to 
the unwholesome condition in which it was 
before Mr. Wicksteed established his works. 
The annual cost of conducting the works 
being about £1,400, and the sale of the 
manure amounting only to £400, the loss 
had led to greater and greater neglect in 
the conduct of the works, and, as Dr. Lethe- 
by adds, “It is not unlikely that the foul 
condition of the river may be wrongly at- 
tributed to a failure of the lime process 
per se, rather than to the carelessness and 
false economy of those who have had the 
management of it.” 

The precipitatiun of sewage by lime, 
however, has been generally regarded by 
chemists as satisfactory, whenever a suffi- 
ciency of lime for the purpose has been 
employed. Dr. Hofmann, Mr. Witt, Dr. 
Clark, Dr. Crace Calvert, Mr. Versmann, 
Dr. Frankland, Dr. Odling, Dr. Angus 
Smith, Mr. Aiken, Dr. Alfred 8. Taylor, 
Dr. Normandy, and Dr. Miiler have all 





testified to its efficiency when fairly used ; 
and wherever it has failed, the failure, as 
Dr. Letheby says, is entirely due to the 
carelessness and parsimony of those who 
have hitherto had the management of the 
process. Lime is one of the principal 
precipitating ingredients of both the phos- 
phate and sulphate of alumina systems. 
At the commencement of my paper, I 
suggested that the civilized being pre- 
ferred taking the chance of poisoning his 
neighbor who lives below him on the river, 
to having his own senses of sight, or smell, 
or his sentiment, outraged ; and I might 
with equal truth have added that the phi- 
lanthropy of Local Boards and other parish 
authorities begins and ends at home. A 
measure which would, for the benefit of 
other communities, tax the rate-payers who 
elect them, can never find favor with such 
bodies, and amongst the evils of the water 
carriage is the facility which it gives for 
transferring the whole of one’s own nasti- 
ness to the dwellings vf one’s neighbor-. 
Even that great and good man, Dr. John- 
son, could not resist the temptation of 
throwing the snails he found in his own 
garden into the garden adjoining, and it is 
improbable that any place in the kingdom 
will be found sufficiently unselfish to tax 
itself for the sake of the health and com- 
fort of the next parish. Injunction and 
compulsion are the only remedies available. 
In such matters, however, the probable 
influence of parsimony on the success of a 
process ought not to be neglected, and it is 
among the advantages of the process I am 
proceeding to describe to you, that the 
materials employed are not only the cheap- 
est available for the purpose, but for the 
particular object to which I apply them no 
saving is effected by, scrimping their use. 
We owe the lime process to a treatment 
for softening and purifying water, patented 
by Dr. Clark, in 1841. He showed that 
carbonate of lime being to some considerable 
extent soluble in solution of carbonic acid 
gas, and scarcely so in pure water, it was 
only necessary to add to water thus impreg- 
nated a sufficiency of quick-lime, to com- 
bine with the free carbonic acid gas, in 
order to precipitate both the dissolved car- 
bonate of lime and that which is formed by 
the combination of the quick-lime added 
and such carbonic acid. It was also found, 
in the application of this process, that the 
precipitate thus produced removed from the 
water a notable quantity of dissolved or- 
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suspension, and hence its great value as a | and thereby increase the effect which each 
precipitant of sewage. Now, a much| separately is capable of producing. Sup- 
smaller amount of lime than is sufficient to | posing we have finely divided clay suspend- 
throw out of solution all the carbonate of | ed in pure water, the addition of lime will 
lime present will suffice to produce clarifi- | cause the particles of clay instantly to col- 
cation after standing. There are phos- | lect and precipitate. There is, in fact, con- 
phoric acid and various fatty acids, besides | siderable affinity between lime and clay. 

carbonic acid, present in the sewage water,| It so happens that these ingredients, car- 
which will produce precipitates with lime ; | bonate of lime (the substance precipitated 


anic matter, as well as impurities held in | over, those substances react on each other, 
i ’ 


and, until the carbonic acid is saturated, | on the addition of lime to ordinary sewage 
each quantum of lime added will produce | water) and clay, are the chief components 
a double quantity of lime in the deposit, by | of those limestones which yield on calcina- 
throwing out, as has been said, not only the | tion hydraulic limes and hydraulic cements. 
carbonate of lime in solution, but also the | This discovery was first made by Smeaton, 
introduced lime, by its combination with the | the celebrated engineer, who says, “ I have 
carbonic acid, which up to the period of this | never found any limestone containing clay 
addition held the carbonate of lime in solu-|in a considerable quantity but what was 
tion as a bicarbonate. Consequently, if the | good for water building.” Subsequently, 
mineral deposit thrown down by the lime | Vicat determined the proportions of clay 
has any commercial value—and I hope to! which it was necessary limestones should 
show you that, in the minds of those best | contain, in order to yield limes possessing 
capable of judging, it has—there is an|in greater or less degree the property of 
economy in not being too niggardly in its | setting in water. He tound that limestones 
use. containing from 8 to 12 per cent. of clay 

Another substance which has a recog- | yielded, on calcination, limes fvebly hydrau- 
‘nized purifying and decolorizing action, and | lic; that limestones containing from 15 to 
which is at the same time generally avail-| 18 per cent. yielded hydraulic limes; and 
able, and of nominal cost, is clay. Clay | those containing from 20 to 25 per cent. of 
has been used for defecating sewage, both | clay yielded eminently hydraulic limes. 
in its ordinary conditions and partially | Acting on these principles, Vicat established 
dissolved in sulphuric acid. In the A B C}a factory at Meudon, near Paris, at which 
process, out of 2,581 ‘parts by weight, of artificial limes are made by calcining mix- 
precipitating compound, it is specified that | tures of chalk (carbonate of lime) and clay 
25 parts shall be burned clay, 1,900| in the proportions necessary to give the re- 
parts ordinary clay, and 600 parts of alum, | quired results. In this country also, and 
of which alumina—an important ingredient | abroad, the so-called Portland cement has 
of clay—forms part. Again, in the sul-| been made by calcining at a high tempera- 
phate of alumiva process, for every 100,000 | ture 75 per cent. of chalk (or carbonate of 
gallons of sewage, Dr. Anderson used, | lime ground to powder when chalk is not 
according to Dr. Letheby, 95 ewt. of sul-| available) intimately mixed with 25 per 
phated material, compounded in the pro-| cent. of clay. ‘The process commences by 
portion of one part of common sulphuric | triturating together in a wash mill chalk 
acid to two parts of ordinary clay, mixed | and clay in those proportions with a large 
with its own bulk of water; and, in some | quantity of water. From the chalk mili there 
form or other, clay is an ingredient speci- | is an overflow by which the water, which is 
fied in many other sewage processes. In | constantly running into the wash mill, may 
fact it was a well-recognized fact that | pass off, carrying with it some of the chalk 
alumina and oxide of iron, even in the con- | and clay in suspension. The milky fluid thus 
dition in which they exist in common earth, | produced is allowed to run into large tanks 
have the power of absorbing noxious gases, | or is pumped into them, the coarser parti- 
fixing soluble organic matters, and of other- | cles being detained in the channels leading 
wise purifying sewage. to the tanks by catch pits,.or some other 

In lime and clay, then, we have these| means. When the tanks are full, the solid 
two substances readily obtainable every-| matters are allowed to subside, the top 
where—the one at little cost and the other | wateris drained off as far as possible, and the 
at a nominal price—and well calculated for | operation of running the mixture into the 
precipitating and defecating sewage. More-| tanks is again commenced. As the mat- 
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ters in suspension do not very readily set- 
tle, the process of filling the tanks with the 
mixture is slow and tedious ; owing, also, to 
the greater fineness of the division of the 
clay than can be produced by reducing 
chalk to a powder, there is a considerable 
tendency to separation between the chalk 
and the impalpable particles of clay, which 
is rectified as far as may be by subsequent 
admixture of the compounds, either in the 
process of removal for drying, or after the 
mixture has been burned to cement and 
ground to powder. 

It will be readily seen that there must 
be a great similarity between the compound 
thus produced and that which results from 
introducing quick-lime and clay, in the 


proper proportions, for cement or hydraulic | 


lime, into a drain at’some distance from the 
settling tanks, or into suitable mixing ves- | 
sels where the ingredients can be thorough- | 
ly incorporated with the sewage water and | 
with each other. 

The chief points of difference, which are | 
entirely in favor of the sewage process, | 
are :— 

1st. The more intimate mixture which | 


can be brought out in the sewage water, | 


owing to the impalpable nature of the pre- | 
cipitate of carbonate of lime which takes | 
place on the addition of the lime. 

2d. The more rapid settlement of the 
sewage precipitate than the mixture of chalk 
and clay. 

3d. The amount of organic matters which 
is carried down from the sews age with the 
carbonate of lime and clay, and which will 
serve for the fuel to burn the mixture to | 
lime or cement. 


The amount of fuel, indeed, which the 


slush will afford is so large, that in the ab- | 


sence of any better mode of getting rid of 


the nuisance, and in consequence of the loss | 
which results from attempting to deal with | 


it as a manure, it has been proposed to de- 
atroy it by burning it. 

Mr. Thomas Hawksley, President of the 
Institute of Civil Engineers, for instance, 
gave in evidence a week or two since, before 
the Committee of the House of Commons on | 
the Birmingham Sewerage Bill, the opinion | 
that “it was practicable to burn the sludge, | 
which contained a <® deal of combustible | 
matter,” and Mr. J. Bramwell, C. E., 


fuel.” Professor Abel, one of the members 
of the Council of this Society, who has for 
many years given great attention to the ques- 
tion of limes and cements, after witnessing 
one of the earliest experiments, gave the 
points we have been considering careful at- 
tention, and arrived at the conclusion that 
the gain in lime and other mineral matters 
derived from the sewage water, the collection 
from the sewage of combustible matter re- 
quired for the burning of the deposit into 
cement, and the thorough incorporation of 
the cement-producing materials, must com- 
bine to render the production of cement, 
through the agency of this method of sewage 
treatment, a profitable business in large 
| towns. 
After the mixture of the ingredients has 
been made, and the top water drained off, 
the subsequent operations are similar, 
whether the process is that ordinarily em- 
ployed for making cement, or the one now 
| proposed. In each case the mixture has to 
| be dried, and this operation may be perform- 
led most readily on tiled floors with heated 
| flues beneath them, such as are used in the 
| potteries for drying clay. 

It might be supposed that the process of 
drying the sewage matters which are pre- 
| cipitated with the lime and clay would be a 
| very disagreeable one, but it is not so. I 

here exhibit to you some of the deposit in 
| question, a portion of which is also under- 
| going the drying process on the table, and 
you will find them quite inoffensive. Even 
after four months, we have found that the 
deposit is still without smell; and though 
the time of the year at which the experiment 
| has been made may have been very favora- 
ble, yet it can hardly be doubted that, even 
in the heat of summer, the deposit would 
remain free from smell for some days, and 
it could be treated, if necessary, day by day. 
| In order, however, that on so important a 
| point as this you may have the fullest evi- 
dence, I will again refer you to that recent- 
| ly given before the Committee of the House 
| on the Birmingham Sewerage Bill on this 
| question. Dr. Voelcker, consulting chemist 
‘of the Royal Agricultural Society, stated : 

“Experiments as to making cements from 
detritus according to General Scott’s plan, 
are by no means a nuisance.” ‘The sus- 
| pended matters in sewage are always very 





also gave evidence Ao “the sludge deposit- | offensive, and that is the reason why 
ed at Saltley contains about 15 per cent. of | populations are so anxious to get rid of 
solid matter, and of that 40 per cent. is| them. If they were allowed to accumulate, 
combustible, and therefore could be used as | they would, of course, get into a state of 
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putrefaction, but you can use chemical 
action upon them, and even when they 
accumulate for a certain time—by General 
Scott’s plan, especially—they can be kept 
free from putrefaction.” Dr. Frankland, 
Professor of Chemistry at the College of 
Chemistry, and one of the Rivers Pollution 
Commissioners, says of the lime and clay 
process of precipitation: ‘The deposit, also, 
would be absolutely inodorous;” and Mr. 
F. J. Bramwell, ©. E., states: “No injury 
would be likely to arise in the way of nui- 
sance from dealing with the sludge in the 
manner proposed.” 

Having cleared away, as I trust, any 
doubts you may have as to the inoffensive- 
ness of the process of drying, I proceed to 
the last stage of the manufacture, in which 
also some very unfounded suspicions may 
naturally exist in the minds of those who 
have not had the advantage of that techni- 
cal education concerning which so much is 
said and so little done. Before, however, 
taking up the question of calcination of the 
dried deposit, 1 ought to call your attention 
to the fact that in the dry conditiun the 
compound has by no means a disagreeable 
odor. I can hardly say of it, as it is said of 


the Chinese “ tafo,” a somewhat similar 


material, that it has the smell of violets, but 
I am quite certain that no one would have 
the least suspicion of its origin, either from 
its appearance or odor. Some visitors to 
the works, indeed, have pronounced that it 
has the smell of new bread; but I leave it 
to you to judge of this for yourselves. I 
have provided a small store of the com- 
pound for distribution. The compound 
may be either completely dried on the flues, 
or it may, when it has reached a certain 
consistency, be made into bricks and al- 
lowed to dry in the air, as has been done 
with the specimens which I have passed 
round for your examination. In this dry 
condition, the deposit can be preserved for 
any time without creating the slightest 
nuisance, and it is hardly necessary to 
point out that, from the commercial point 
of view, it is of no small consequence that 
the raw material should be inexpensive, 
especially when it is possible that the fin- 
ished manufacture may remain on hand for 
some time. To give an example of what I 
mean, I may explain to you that the deposit 
which they are now obtaining from the 
Leeds sewage is not being disposed of as it 
is produced, and, as I understand, it is the 
intention of the Native Guano Company to 


preserve it for twelve months, in order to 
improve its quality by fermentation.. Now, 
| the value of the materials required for pre- 
| cipitating 252,352 gallons is, according to 
|the Rivers Pollution Commissioners, £1 
18s. 5d., without assigning any value at all 
| to the 1,156 lbs. of clay used, and the 7 lbs. 
of blood, whereas the value of materials, 
including the clay, used in the cement pro- 
cess for the same quantity of water would 
not exceed, in the generality of cases, 4s. 
@il., and could not in any place in the 
country exceed 7s. 6d. 

On these data, a year’s supply of chemi- 
cals at a place like Leeds would, in the 
A BC process, whichis now being tried there 
on a portion of the sewage, cost upwards of 
£30,000 per annum. ‘The supply of mate- 
rials for the same period for the cement 
process would not exceed £6,000 or £7,000. 
I say nothing about the value of the ma- 
nure resulting from the A B C process, or 
the cement produced by mine, the point to 
which I desire to draw your attention here 
being simply the amount of capital required 
for the purchase of the materials in the 
two cases. 

For the phosphate of alumina process 
the cost of the chemicals would exceed 
£45,000 per annum in such a case as 
Leeds, and for the sulphate of alumina sys- 
tem would considerably exceed £20,000 
per annum. 

To return, however, to the question of 
calcination. It has been constantly ob- 
jected, by persons unacquainted with the 
elements of chemistry, that cement derived 
from such a source must have some of the 
objectionable qualities of sewage, and must 
therefore be unsuited for plastering the 
walls of our houses ; but people do not con- 
sider that to employ the material as manure 
for the vegetables they eat is, in itself, far 
more repugnant to our natural feelings. I 
am told that when some cement, prepared 
from sewage, was a few days since exhibited 
to a party of gentlemen, some of them could 
not be induced to touch it, though they 
were informed that the material had heen 
subjected to calcination at a high tempera- 
ture, and that every objectionable element 
which the sewage deposit may have once 
contained had been resolved into perfectly 
harfaless inorganic compounds. 1 wonder 
if the same gentlemen had been informed 
that the vegetables before them at their 
dinner-table were from Mr. Morgan’s sew- 
age-farm at Barking, they would have 








214 


VAN NOSTRAND’S ENGINEERING MAGAZINE, 





turned from them with equal disgust? And 
yet, if the fears of some writers on the sub- 
ject are well grounded, disgust in the latter 
case would not be without some reason. 
Passing by the question whether water- 
cresses grown in sewage water produce 
diarrhoea, or feeding cows.on sewage grass 
causes their milk to turn sour more quickly, 
or whether such feeding introduces parasitic 
disease into our beef and mutton, it must 
be admitted that organic life is materially 
modified by the food it lives upon; but no 
one with the slightest pretention to scientific 
knowledge would assert that a single 
particle of a deleterious nature can be left 
in sewage-made cement after calcination. 
On the other hand, many will be found who 
will contend that the practice of irrigation 
with sewage from which the fecal matters 
are not removed is liable to cause diseases 
of a serious nature, as well as a dreadful 
nuisance, and that the only certain way of 
preventing the propagation of the seeds of 
infection which may reside in the slush is 
to destroy them by fire. 

I think I may venture to assert, in short, 
that the strongest advocates of irrigation or 
of filtration are in favor of the removal of 
the slush as a preliminary measure; that 
most of the authorities prefer that this 
should be done by precipitation ; that few 
of the chemists who have studied the ques- 
tion of manures will admit that sufficient 
fertilizing ingredients can be found in the 
slush to pay for the expense of collecting 
and drying the material; that the plan of 
burning the slush commends itself to most 
of the chemists and engineers who have 
considered the various modes of getting 
rid of its nuisances ; and that the combina- 
tion of the destruetion of the slush by fire 
with the preparation of cement, for which 
the excellent precipitants and decdorizers, 
lime and clay, are precisely suited, offers 
the best prospect of turning an otherwise 
waste, useless, and noxious product into a 
marketable substance. 

That I am not overstraining my case will 
be evident from the following testimony, 
not, be it remembered, solicited by me, but 
given in evidence before the Parliamentary 
Committee which has just concluded its 
labors in the matter of the Tisninghem 
Sewerage Bill. 

Dr. William Odling, Professor of Chee 
istry at the Royal Institution, said: “I 
don’t think there is any commercial value 
in the matter to be extracted at. Dunton, 





except in its use as Portland cement.” And 
Dr. Edward Frankland, F.R.S., one of the 
Commissioners for Inquiry into the Pollution 
of Rivers, said: “There are various modes 
of purifying the sewage, and I should pre- 
fer to deal with the sludge according to 
General Scott’s system, namely, turning it 
into cement.” ‘The process of treatment 
at Dunton, which I would recommend, is to 
mix lime and clay with the sewage shortly 
before it reaches the tank. That would 
produce a complete deposit in the tanks, 
and would deodorize the sewage, which 
would flow on to the land without any 
smell arising from it; and the deposit also 
would be absolutely inodorous. That de- 
posit would be dried and converted into’ 
Portland cement.” 

But it may be objected, these are the 
theoretical ideas of men of science which 
practice would not justify. I therefore re- 
fer with satisfaction to the evidence to the 
same effect given by an eminent engineer. 
Mr. F. J. Bramwell, C. E., said General 
Scott’s plan of “ converting the sludge into 
cement is very satisfactory, and from what 
I have seen of the cement I have the high- 
est opinion of it.” 

I have one more opinion to give you, and 
this, for obvious reasons, I have reserved 
for the last. It is given in the evidence of 
the distinguished engineer who occupies the 
chair this evening. If it is not what he 
really stated, he must blame the reporters, 
but the Birmingham papers give him credit 
for having asserted that “ by adopting Gen- 

eral Scott’s process it (the slush) could be 
converted into a very useful and valuable 
cement.” 

Let me say, in conclusion, that at the 
time when I requested Mr. Hawksley to 
take the chair this evening, I neither knew 
the opinion he had expressed nor the view 
he took of the matter. I believe, indeed, 
that his evidence must have been given and 
my note of invitation been written on the 
same day. 





HE Clinton “Herald” announces that 

Colonel Milo Smith has closed up trans- 
actions and passed the money over to the 
amount of nearly $40,000, in securing the 
necessary grounds and the right of way for 
the Chicago, Burlington and Quincy, the 
Chicago, Clinton and Dubuque, and the 
Chicago, Omaha and St. Joe railroads, in 
that city. 
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THE INFLUENCE OF GAS AND 


WATER PIPES IN DETERMINING 


THE DIRECTION OF A DISCHARGE OF LIGHTNING. 


By Mr. HENRY WILDE. 


From ‘The Mechanics’ Magazine.” 


As very considerable damage has been | 
done lately by lightning, the followi ing 
paper from the proceedings of the Literary 


and Philosophical Society of Manchester | 


may prove of interest. Although the in- 
vention of the lightning conductor is one of | 
the noblest applications of science to the | 
wants of man, and its utility has been es- | 


tablished in all parts of the world by the | 


experience of more than a century, yet, a 
sufficient number of instances are recorded 
of damage done by lightning to buildings 
armed with conductors to produce, in the 
minds of some, an impression that the pro- 
tective influence of lightning conductors is 
of but questionable value. 


The destruction by fire of the beautiful | 


church at Crumpsall during a thunder-storm 
on the morning of the 4th of January last, 
has induced me to bring before the Society, 
with a view to their being known as widely 
as possible, some facts connected with the 


electric discharge which have guided me | 


for some years in the recommendation of | 
means by which disasters of this kind may | 
be averted. 

For the proper consideration of this sub- | 
ject it is necessary to make a distinction be- 
tween the mechanical damage, which is the | 
direct effect of the lightning stroke, and the | 
damage caused indirectly by the firing of | 
inflammable materials which happen to be | 
in the line of discharge. 

Instances of mechanical injury to build- 
ings, not provided with conductors, are still | 
sufficiently numerous to illustrate the ter- 
rifie force of the lightning stroke, and at | 
the same time the ignorance and indiffer- | 
ence which prevail in some quarters with re- 


spect to the means of averting such disas- | 


ters; for wherever lofty buildings are fur- 


nished with conductors from the summit to | 


the base, and thence into the earth, dam- | 
age of the mechanical kind is now happily | 
unknown. 

Even in those cases where lightning con- | 
ductors have not extended continuously | 
through the whole height of a building, or 
where the lower extremity of the conductor 
has, from any cause, terminated abruptly | 


| damage being limited, in many cases, to the 
| loosening ot a few stones or bricks. 

The ever-extending introduction of gas 
and water pipes into the interior of build- 
ings armed with lightning conductors has, 
however, greatly altered the character of 
| the protection which they formerly afford- 
'ed, and the conviction has been long forced 
upon me, that, while buildings so armed are 
effectually protected from injury of the me- 
|chanical kind, they are more subject to 

damage by fire. 

The proximity of lightning conductors to 
|gas and water mains, as an element of dan- 

ger, has not yet, so far as I know, engaged 

| the attention of electricians, and it was first 
brought under my notice at Oldham in 
1861, by witnessing the effects of a light- 
ning discharge from the end of a length of 
iron wire rope, which had been fixed near 
to the top of a tall factory chimney, for the 
| purpose of supporting a long length of tel- 
egraph wire. The chimney was provided 
with a copper lightning conductor termina- 
ting in the ground i in the usual manner. In 
\close proximity to the conductor, and par- 
allel with it, the wire rope descended, from 
| near the top of the chimney, for a distance 
of 100 ft., and was finally secured to an 
iron bolt inserted in the chimney about 10 ft. 
from the ground. During a thunder-storm 
| which occurred soon after the telegraph 
wire was fixed, the lightning descended the 
| wire rope, and, instead of discharging itself 
, upon the neighboring lightning conductor, 
| darted through the air for a distance of 16 
‘ft, to a gas meter in the cellar of an adjoin- 
|ing cotton warehouse, where it fused the 
lead pipe connections ‘and ignited the gas. 
That the discharge had really passed between 
, the end of the wire rope and the lead pipe 
connections, was abundantly evident from 
'the marks made on the chimney by the fu- 
sion and volatilization of the end of the 
wire rope, and by the fusion of the lead 
|pipe. As the accident occurred in the day- 
time, the fire was soon detected and 
| promptly extinguished. 

Another and equally instructive instance 
of the inductive influence of gas pipes in 


at the base of the building, the severity of | | determining the direction of the lightning 
the stroke has been greatly mitigated, the discharge occurred in the summer of 1863, 
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at St. Paul’s Church, Kersal Moor, during 
divine service. To the outside of the spire 
and tower of this church a copper lightning 
conductor was fixed, the lower extremity of 
which was extended under the soil for a 
distance of about 20 ft. The lightning de- 
scended this conductor, but, instead of pass- 
ing inio the earth by the path provided for 
it, struck through the side of the tower to a 
small gas pipe fixed to the inner wall. The 
point at which the lightning left the con- 
ductor was about 5 ft. above the level of 
the ground, and the thickness of the wall 
pierced was about 4 ft.; but beyond the frac- 
ture of one of the outer stones of the wall, 
and the shattering of the plaster near the 
gas pipe, the building sustained no injury. 

That the direction of the electric discharge 
had, in this case, been determined by the 
gas pipes which passed under the floor of 
the church, was evident from the fact that 
the watches of several members of the con- 
gregation who were seated in the vicinity of 
the gas mains were so strongly magnetized 
as to be rendered unserviceable. 

The church at Crumpsall is about a mile 
distant from that at Kersal Moor, and the 
ignition of the gas by lightning, which un- 
doubtedly caused its destruction, is not so 
distinctly traceable as it is in other cases 
which have come under my observation, be- 
cause the evidences of the passage of the 
electric discharge have been obliterated by 
the fire. From information, however, com- 
municated to me by the clerk in charge of 
the building as to the arrangement of the 
gas pipes, the most probable course of the 
electric discharge was ultimately found. 

The church is provided with a copper 
lightning conductor, which descends outside 
the spire and tower as far as the level of the 
roof. The conductor then enters a large 
iron down-spout, and from thence is carried 
into the same drain as thatin which the spout 
discharges itself. Immediately under the 
roof of the nave, and against the wall, an 
iron line of gas pipe extended parallel with 
the horizontal lead gutter which conveyed 
the water from the roof to the iron spout in 
which the conductor was enclosed. This 
line of gas-piping, though not in use for 
some time previous to the fire, was in con- 
tact with the pipes connected with the meter 
in the vestry, where the fire originated, and 
was not more than 3 ft. distant from the lead 
gutter on the roof. As no indications of 
the electric discharge having taken place 
through the masonry were found, as in the 








case of the church at Kerzal Moor, it seems 
highly probable that the lightning left the 
conductor at the point where the latter en- 
tered the iron spout, and by traversing the 
space between the leaden gutter and the line 
of gas-piping in the roof, found a more easy 
path #0 the earth by the gas mains than 
was provided for it in the drain. 

In my experiments on the electrical con- 
dition of the terrestrial globe I have already 
directed attention to the powerful influence 
which lines of metal extended in contact 
with moist ground, exercise in promoting 
the discharge of electric currents of com- 
paratively low tension into the earth’s sub- 
stance, and also that the amount of the dis- 
charge from an electro-motor into the earth 
increases conjointly with the tension of the 
current and the length of the conductor ex- 
tended in contact with the earth. It is not, 
therefore, surprising that atmospheric elec- 
tricity, of a tension sufficient to strike 
through a stratum of air several hundred 
yards thick, should find an easier path to 
the earth by leaping from a lightning con- 
ductor through a few feet of air or stone to 
a great system of gas or water mains, ex- 
tending in large towns for miles, than by 
the short line of metal extended in the 
ground which forms the usual termination 
of a lightning conductor. 

It deserves to be noticed that in the 
eases of lightning discharge which I have 
cited, the lightning conductors acted efli- 
ciently in protecting the buildings from dam- 
age of a mechanical nature—the trifling 
injury to the church tower at Kersal Moor 
being directly attributable to the presence 
of the gas pipe in proximity to the conduc- 
tor. Nor would there have been any danger 
from fire by the ignition of the gas if all the 
pipes used in the interior of the buildings 
had been made of iron or brass instead of 
lead ; for all the cases of the ignition of gas 
by lightning which have come under my ob- 
servation have been brought about by the 
fusion of lead pipes in the line of discharge. 
The substitution of brass and iron wherever 
lead is used in the construction of gas ap- 
paratus would, however, be attended with 
great inconvenience and expense, and, more- 
over, would not avert other dangers incident 
to the disruptive discharge from the con- 
ductor to the gas and water pipes within a 
building. I have therefore recommended 
that in all cases where lightning conductors 
are attached to buildings, fitted up with 
gas and water pipes, the lower extremity of 
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the lightning conductor should be bound in 
good metallic contact with one or other of 
such pipes outside the building. By attend- 
ing to this precaution the disruptive dis- 
charge between the lightning conductor and 
the gas and water pipes is prevented, and 
the fusible metal pipes in the interior of the 
building are placed out of the influence of 
the lightning discharge 

Objections have been raised by some cor- 
porations to the establishment of metallic 
connection between lightning . conductors 
and gas mains, on the ground that damage 
might arise from ignition and explosion. 
These objections are most irrational, as gas 
will not ignite and explode unless mixed 
with atmospheric air, and the passage of 
lightning along continuous metallic conduc- 
tors will not ignite gas even when mixed 
with air. Moreover, in every case of the 
ignition of gas by lightning, the discharge 
is actually transmitted along the mains, such 
objections notwithstanding. A grave respon- 
sibility therefore rests upon those who, after 
introducing a source of danger into a build- 
ing, raise obstacles to the adoption of meas- 
ures for averting this danger. 





REPORTS OF ENGINEERS’ SOCIETIES, 


HE NEw York SOCIETY OF PRACTICAL 
ENGINEERING.,—At the May meeting of the 
New York Society of Practical Engineering, the 
subjects discussed were type-composing machines 
and the steam-engine indicator. The paper upon 
the first-named subject was by Eugene Le Hardy 
de Beaulieu, the latter from Mr. Henry L. Bre- 
yoort. Mr. Beaulieu advocated the Delcambre 
machine, a French invention, in which the type 
are taken from the type-boxes, along inclined 
guides, by the action of gravity, to the “stick.” 
The “ justification” is, as usual in machines of 
this kind, done by hand. The enormous sums 
paid annually by the daily newspapers in New 
York for composition—ranging from $100,000 to 
$200,000 each—are sufficient to show the great 
importance of any machine which will effect a 
material saving in this department. 

Mr. Brevoort characterized the indicator as a 
device by which the expert is enabled to gain an 
insight into the working of machinery, and by its 
aid apply both power and machinery to the best 
advantage. The utility of the indicator devised 
by Watt and applied to low-pressure engines 
was mentioned, together with the advantages trom 
the first derived from its use. Its utter impracti- 
cability for the rates of speed now employed, 
sometimes amounting to 1,000 ft. per minute, ren- 
dered some other instrument for the purpose 
necessary. This is found in the Richards indica- 
tor, in which the motion of the piston and the 
length of the spring are both diminished by one- 
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quarter. The non-user of the indicator frequently 
loses more through waste of coal arising from 
ignorance of the actual performance of the steam 
in the engine, than the cost of the indicator and 
the time and labor required in its frequent use. 
The use of the instrument is of the greatest value 
in adjusting valves with the requisite delicacy, 
since an engine may not unfrequently be in ap- 
parently the best working order when cold, yet 
under the influence of heat show decided detects 
of adjustment. Until a recent time, the instru- 
ments of foreign make have proved of better con- 
struction than those made in America. Manufac- 
turers in this country have of late made decided 
improvements in the attachment of the spring, 
giving greater reliability under extreme pressure. 
In the former construction, the circular brass ends 
of the springs were applied in a slot cast all the 
way round, and after adjustment had been made 
they were fastened by pouring in melted white 
metal. Under considerable pressure one coil of 
the spring frequently rested upon another, injur- 
}ing the action of the spring very much. The 
| remedy for this is found in making two horizontal 
slots in the brass ends of the springs, and by 
means of them adjusting the spring so that it is 
supported at only two points, thus securing a 
uniform action of the spring under all pressures. 
Frequent tests of indicator springs are necessary 
even after they have been approved in practical 
trials, and these tests should be applied at the tem- 
peratures to which the springs are habitually 
subjected when testing engines. 

The usual indicator piston is a cylinder closed 
at the top and open below. A recent modification 
in them is to bevel the lower edge from the inside 
outward, taking care not to make the thin edge so 
weak as to be unduly expanded on the admission 
of steam to the interior. This has been found to 
work very well. <A suggested improvement is to 
prolong the tube of the piston above as well as 
| below, in order to guard against a leakage from 
| without inwards under a vacuum, as well as to 
| resist higher pressures than those for which pro- 
vision is commonly made. This form of piston in 
section would resemble an HH. The piston-rod 
would be fastened by a ball-and-socket joint at the 
centre, and the usual shallow grooves semi-circu- 
lar in section turned upon the outside. The most 
convenient and efficient modes of taking cards, the 
value of reducing-wheels, and various adjuncts to 
the indicator which have been suggested, were 
taken up and considered by the writer with con- 


siderable minuteness. 
—_- Society oF CiviL ENGINEERS.— 
The fifth annual meeting of this Society was 
held at Chicago, June 7th, and Mr.‘E. 8. Ches- 
brough was elected president. In the absence of 
any extended report of the proceedings, we can 
only give a few items, with the titles of the papers 
read upon different subjects: 

“ Early History of Railways and the Origin of 
Gauge,” by J. D. Steele, of Coatesville, Pa. 

Mr. Stephen Chester, of New York, read a paper 
on ‘‘ Electro-Science as a Part of the Education of 
Civil Engineers.” 

A paper was read upon “ Engineering, 
by W. Milnor Roberts. 

Mr. A. P. Boller read a paper on the “Fellow- 
ship Fund” of the Society. 


. 








” 


written 
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Mr. Arthur, of Philadelphia, read a paper on 
“The Automatic Cut-off.” 

Mr. E. 8S. Chesbrough followed with an interest- 
ing paper on the “ Detroit River Tunnel.” The 
paper narrated in some detail the preliminary sur- 
vey to obtain the most feasible line for the tunnel. 
The river at the point runs nearly east, and is half 
a mile wide. The length of the portion of the 
tunnel under the river is 3,000 ft. There are to 
be 20 ft. of earth between the masonry and the 
river bed. The tunnel was to be made circular, 
and of sufficient diameter to allow the largest 
Pullman car to pass through. By having five or 
six working forces, the tunnel could be prosecuted 
80 vigorously as to have it completed in less time 
than a year. The entire cost of the work was es- 
timated at $2.650,000. The rate of progress thus 
far had been less than the contemplated rate. Mr. 
Chesbrough described the devices which he made 
use of to protect the men from sudden danger from 
any cause. Mr. Chesbrough said the auger used 
to test the ground was of wood, and that the earth 
which stuck to the point of the auger always in- 
dicated the nature of the earth where the boring 
coased. 

The next paper read was on “Strains of 
Bridges,” by T. C. Clarke, of the Pheenixville 
Bridge Works. 

This was followed by a paper by James B. Fran- 
cis, of Lowell, Mass., on “ Experiments in the De- 
flection of Continuous Beams Supported at Equi- 
distant Points.” 

Mr. F. Collingwood read an interesting paper 
entitled “Further Notes on the East River 
Bridge.” The paper detailed the method employed 
in sinking the caissons, the devices necessary to 
enable the workmen to work within them safely 
and conveniently, and the effects of the compress- 
ed air upon the men, resulting in some instances 
in injury, and in one or two in death. 

Mr. Walter Katte, of St. Louis, read an account 
of the “Method of Construction of the Illinois and 
St. Louis Bridge.” The paner was accompanied 
by a large diagram, which showed to the eve the 
machinery in process of supporting the partially 
finished arches; and Mr. Katte explained how the 
engineers in charge proposed to put in the last 
link, or keystone of each arch. 

The next paper was written by R. G. Hatfield, 
the subject being “ Bnilding Materials.” It was 
read by Mr. Charles Macdonald. 

The paper written by Edmund Yardley on 
“ Cements,” was read by Mr. A. P. Boller. 

A paner on “Closing Breaks in Dams under 
Difficulties” was read by O. B. Whitford, of Os- 
wego, New York. 

The last paper read was written by Henry L. 
Lubers, of East St. Louis, on the “ Manufacture of 
Coke from Illinois Coal, and the Process Emploved 
in Purifying Slack Coal.” It was read by Stephen 
Chester, in the absence of the author. 

The last paper presented to the Association, that 
of Mr. Eichbaum, on the “Selection of Stone for 
Masonry,” was not read, but was ordered printed 
with the Transactions. 


During the meeting a disenssion was held on the | 


depth to which caissons could be sunk without 
endangering the lives of the workmen employed 
within them. 

Mr. Steel said it had been a serions question in 
NewYork whether the-caissons in the East River 


could be sunk the requisite depth, 105 ft., with 
out endangering the more delicate workmen, from _ 
the weight of the compressed air. 

Mr. Katte said the greatest pressure in the cais- 
sons used in constructing the piers of the St. Louis 
bridge was about 50 lbs., and he did not know of 
a single case of injury to the workmen caused by 
the pressure. 

Mr. Collingwood said if it were taken for granted 
that a man could labor 12 hours continuously in 
the ordinary air, then, with a pressure of two at- 
mospheres, he could labor about half that time ; in 
a pressure of three atmospheres about one-third 
the time, and in a pressure of four atmospheres 
about one-fourth that time. If the men hada 
proper chance to rest, there was no danger. The 
great difficulty was the change back again to the 
external air after working in the caisson. 

Mr. McAlpine thought the effect of the com- 
pressed air was like that of a stimulant,’ and the 
danger was when the stimulant was withdrawn. 
The compressed air had something of the effect of 
laughing-gas. By a gradual application of the 
pressure he had known workmen to work under 
a weight of five atmospheres, without the slightest 
injury. 

We hope hereafter to have the pleasure of giving 
our readers the different papers read, ix extenso, or 
at least such abstracts of them as the different 
writers may consider it safe for the profession to 
see. 





TRON AND STEEL NOTES, 


EMARKABLE OCCURRENCE OF SPHEROIDAL 
Iron ORE.—We bore up to the island of Owen 

in two days. This little island is only separated 
from New Caledonia by a narrow and deep chan- 
nel, known as the Woodin Channel. I went on 
shore with my baggage, instruments, and pro- 
visions, landing on a flat beach forming the head 
of a large bay, round which is situated the village 
of Oura, the residence of the island chief. The 
island did not offer an agreeable residence. Its 
shores are high, rocky, and barren, with perpen- 
dicular cliffs. The small deltas at the embouchure 
of the streams form the only valleys—on these the 
natives have their plantations. The interior of 
the country displays one very remarkable parti- 
cular; it is nearly altogether composed of iron 
ore. This exists in such abundance that it is 
destined to be a source of future profit. The 
iron occurs in spheroids, like very large bullets, 
which are heaped together pell mell. They form 
occasional plateaux many thousand metres squ:re. 
These immense heaps are occasionally degraded 
by the lengthened action of rains, and are left as 
gigantic cones of iron. Such a cone is that of 
Mamié on the northeast of the island. On the 
edge of the platforms we frequently noticed that 
the blocks of iron had been collected by manual 
labor and arranged in lines. The natives ex- 
plained this to me by stating that in their old wars 
the vanquished, flying from their enemies, aban- 
doned the plain and took refuge in the hills, 
| which they thus fortified. From these de‘ences 
they rolled down iron balls on their assailants. 
Few plants subsist on this metallic soil. About 
| the middle of the day the solar heat retained by 
| the iron is so excessive, that during several hours 
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it is impossible to handle the blocks. Notwith- 
standing the thick soles of our boots our feet suf- 
fered from the intolerable heat. One other conse- 
quence of the peculiar nature of the soil is that 
the water of some streams flowing over the iron 
is elevated to an extraordinary temperature. The 
inhabitants of the island of Oura, by reason of the 
scarcity of its resources, are obliged to resort 
to the mainland to establish their plantations. 
The immense flats of coral to the south afford 
turtle, shell fish, and fish in abundance. The 
people also obtain on the sands the eggs of sea- 
fowl and turtle. I have often accompanied them 
on these expeditions—it is on such occasions that 
one best learns to appreciate their intelligence, 
strength and skill. 


RON AND STEEL Exports.—The exports of 
iron and steel from the United Kingdom 

promise to attain a very considerable aggregate 
this year, although the increasing dearness of both 
iron and steel naturally exercises a chilling and 
deterrent effect upon foreign and colonial con- 
sumption. The shipments of rails in May showed 
a very great falling off as compared with May, 
1871, the American demand having at last given 
way; but still the aggregate exports of iron and 
steel in May, amounted to 357,482 tons, as com- 
pared with 350,786 tons in May, 1871, and 317,725 
tons in May, 1870, while for the first five months 
of this year the complete shipments came out 
thus: 

Month. 
January.....Tons 
February.... 


1872. 
200,095 
215,100 
248,512 
334,360 
357,482 


1870, 1871, 

111,784 
137,397 
242,166 
284,190 


317,725 350,786 





1,355,549 


The shipments, it will be observed, show only a 
feeble progress in May as compared with May, 
1871; but the wonder is that they come so well 
out of the comparison, since the value of the 
357,482 tons exported in May was £3,460,493, 
while the 350,786 tons exported in May, 1871, 


Total .... 1,162,519 1,126, 23 


were priced at only £2,782,973. As regards the 
value of the steel and iron exported, this year 
seems certain to attain a marked pre-eminence, the 
figures for the first five months of 1872 being in 
excess of the corresponding totals of the corre- 
sponding periods in 1858, 1859, 1860, 1861, and 
1862. This will be seen on a glance at the an- 
nexed table : 


VALUE OF IRON AND STEEL EXPORTED. 
Total. Year. Totals, 
£12,966,109 1865 .. ....£13,471,359 
15, 603.337 1866.... 14,842,417 
11,197,072 1867 15,050, 31 
12,314,437 1868 15,056,398 
12,154,997 1869 19.480,950 
10,326,646 1870 ....... 24,038,090 
11,365,150 1871........ 26,149,136 
13,150,936 1872 (5 mos, 12,841,459 
13,310,484 
The statistics of the last three years have, we 
believe, been kept upon a modified principle, and 
some descriptions of steel have been embraced of 
which no account was previously taken; never- 
theless, there can be no doubt that the export 


Year. 








steel and iron trades have enormously extended 
during the last eight or ten years, while this 
year’s value total will be very greatly swollen by 
the extraordinary upward movement which has 
taken place in prices.—London Mining Journa. 





RAILWAY NOTES. 
(HE CINCINNATI AND TERRE HAUTE RAILWAY 
CoMPANY, organized for the purpose of con- 
structing a railway from the cities of Cincinnati, 
Ohio, to Terre Haute, Indiana, and to develop the 
coal and mineral land of the State of Indiana, have 
leased over 50,000 acres of the block coal fields in 
Clay and Owen counties, bordering upon the line 
of their railway; said leases being located in the 
heart of the block coal seam, and comprise the best 
and most valuable part of the Indiana coal field, 
and which they now desire to develop, in confor- 
mity to the following notice: 
THE CINCINNATI AND TERRE 
COMPANY, 
Desirous of enlisting the attention of manufac- 
turers to the advantage of locating manufacturing 
establishments upon the line of their railway, will 
give to any rolling mill or blast furnace company 
so locating, 40 acres of ground for works, and the 
coal in 100 acres of Clay or Owen county, Indiana, 
block coal field; the ore from 100 acres of the 
Hardin, Pope, or Massac county, Illinois, brown 
hematite, or the Green county, Indiana, native ore 
beds, and agree to furnish them with all orders for 
merchant iron required for the railway’s use for a 
period of two years. 

To any railway car manufactory located upon 
its line, they will give 10 acres of ground required 
for works, the timber from 100 acres of the best 
oak timbered land in Owen county, and an order 
for 1,000 cars to commence work upon. 

To any car wheel foundry or axle forge, the 
necessary grounds for works, and liberal orders for 
their products in kind. 

To all other manufacturing establishments 
ample facilities in the locating and successful 
prosecuting of their works. 

In execution of the above they have laid out a 
manufacturing town to be called “ Bessemer,” 
upon the line of their railway 40 miles from Terre 
Haute, and where their road crosses the Evansville 
and Vincennes Railroad, at a station known as 
“ Farmers,” situated 65 miles from Indianapolis, 
and 52 miles from Vincennes. The present town 
site comprises an area of 2,500 acres, in purt prairie 
land, bordering upon Fish creek and the White 
river. These streams afford an unlimited supply 
of pure soft water suitable for manufacturing and 
steam purposes, their source and drainage area 
being distant from any mining localities or other 
sources of contamination that so seriously affect 
many manufacturing districts. The prairie land 
in the town is a rich alluvial deposit, cultivated 
for a long number of years, raising the finest corn 
and wheat in southern Indiana. Wells sunk 12 
to 14 ft. in depth reach an unfailing supply of 
soft water. The hills bordering the limits of the 
town are high and of easy slope with broad level 
table lands on their summits, affording fine loca- 
tions for residences, while blast furnaces that 
require a high level railway for the discharge of 
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crude material at the trundle head, can have the 
same without material additional expense. Fine 
magnesian limestone and sandstone quarries 
abound in the town site limits, the beds of which 
are level, the strata varying from 1 to 10 ft. in 
thickness. Hard blue limestone suitable for fur- 
nace flues can be obtained within 3 miles from the 
town. Good clay for brick-making is of easy 
access, and the locality” abounds in the most 
densely wooded and finest timbered land in the 
State. The finest sandstone quarries, for grind- 
stone uses, are contiguous to the locality, while 
the short distance to the block coal field affords 
an unfailing source of fuel for all the demands of 
the future manufacturing interests. 

The junction of the St. Louis and Cincinnati 
Railway with the Cincinnati and Terre Haute 
Ruilway will be near the town site, and between 
it and the coal field. The Company will locate their 
general shops and round houses of the St. Louis 
and Cincinnati Railway at Bessemer, which will 
be made the terminus of the Middle, Terre Haute, 
and St. Louis divisions of the roads, and all due 
facilities for shipment of manufactured products 
are secured by the connections with the India- 
napolis and Vincennes Railway and other intersect- 
ing lines, to wit: At Bloomington, Ind., with 
Louisville, New Albany and Chicago Railroad; at 
Indianapolis with all roads centring at that 
point; at Columbus, with the Jeffersonville, 
Madison, and Indianapolis Railroads; at Greens- 
burgh, with the Indianapolis, Cincinnati, and 
Lafayette Railroad; at Terre Haute, with the 
various railroads entering at that point, to wit: 
two East and West, two North and South, or eight 
outlets in all. 

Beds of native ore abound in the immediate 
vicinity, while various seams of coal, including 
the Cannel coals, are of such easy access as to 
warrant the prompt return of investments made 
in these mines. 

Deeds in fee-simple of all lands required for 
manufacturing purposes will be made to persons 
or incorporated companies that desire to locate in 
their town. Ample facilities will be afforded par- 
ties to examine the site and the coal lands along 


the line of the Cincinnati and Terre Haute Rail- | 


way. 
— Paciric RAILwAy, 1871. 











Average length of road 
operated, miles 

Grogs earnings 

Operating expenses ..... 

Net earnings ........ 

Gross earnings per ‘mile ‘ 

Operating expenses per 
mile , 

Net earnings per mile. .. 

Percentage expenses per 
earnings .. 


673 
61| $3,342,517 83 


$3,350,786 
2,480, 640 
880,746 
6,099 


46) 
15] 
43 


2,302,589 96 
1,009,927 87 
4,922 02 


8,421 38 
1,500 64 


60.5 


4,499 
1,599 


ee 








In the total of gross earnings there is an appar- 
ent falling off of $48,268.78 in 1871; but there 
was no new road in course of construction during 
the year, and no income from transportation of con- 


struction material. The revenue from this source 
in 1870 amounted to $385,965.80, being the charges 
for material for the Denver extension. If this item 
is omitted from the comparative statement, the or- 
dinary business of the road for 1871 shows an in- 
crease of $387,697.02. This increase of earnings 
from ordinary business is at the rate of 11 35-190 
per cent. 

The earnings from ordinary freight traffic were 
as follows: 
bn re iheeeseeen 
In 1870.... 


$1,980,289 57 
eocccccccccesccce Jeedecstsas Seen 
Increase. . $123,035 43 
Fqual to 6 67-100 per ‘cent. 

The earnings from passenger service were: 


renee Cccccees $1,285,748 09 
In 1870..... Ceeccccccescccce cocessccce 1,078,602 85 
Increase... $207,145 24 

Equal to 19 2-10 per cent. 

The following were the sales of lands included 
in the Denver extension land grant trust (which 
covers 3,000,000 acres of land lying between the 
800th mile post and Denver): 

81,690 8-100 
. $123,480 90 
5 62 


Agzregate amount of sales 
Ay erage rate per acre ° 
Bords cancelled by trustees from sinking 
fund, to December 31, 1871 . aoe 34,000 00 
Total ‘bills receivable (bearing interest) in 
hands of trustees. ......... 92,326 92 
The sales of lands and lots included in the Kan- 
sas Pacific land grant trust (which covers 2,000,000 
of acres of lands lying east of the 800th mile post) 
were as follows: 
Acres sold She Caershanaensaesete 98,788 10-100 
Town lots omens 50 
Axgregate amount of ‘sales... ... —— $313,340 04 
Averaye rate per acre 3.13 
Bonds cancelled by trustees from sinking ig 
fund to December 31,1871. 
Total bills receivable (Learin,: interest) in 
hands of trustees 209,653 08 


The 2,000,000 acres of land embraced in this 

| trust comprise all the unsold lands belonging to 
| the company, east of the 800th mile post, and at 
the average rate per acre obtained from sales made 
during the past year, they will ultimately yield an 
aggregate of 6,260,000. 


111,000 00 





‘HE VANDERBILT UNDERGROUND RAILWAY.— 

In anticipation of obtaining Gov. Hoffman's 
signature to the Vanderbilt Underground Railway 
bill, Superintendent Buckhout, of the Harlem 
road, has had under his direction for two or three 
days past, a corps of surveyors, with a view to 
beginning the work immediately. The road will 
start at the junction of Broadway and Park row, 
and proceed by way of the Bowery and Fourth 
avenue to the Grand Central Depot. A force of 
3,000 laborers is ready to begin operations, and 
although three years are allowed by the bill for 
the completion of the road, Mr. Buckhout believes 
a much shorter time will suffice. Pending the 
action of the Governor, no definite plans have been 
adopted, 

An impression prevails to some extent that 
when the road is in operation, the smoke rising 
from the locomotives will be a nuisance in the 
| City Halli Park. On the contrary, the locomotives 
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will consume their own smoke and gas, and it is 
intimated by Superintendent Buckhout that the 
cars also will be of a peculiar construction, to fa- 
cilitate the transfer of passengers at Fifty-sixth 
street. 

An arrangement has been made by which the 
mail cars of the Harlem, Hudson River and New 
Haven railroads will be transported, by a continu- 
ous track, immediately into the basement of the 
new Post-oftice, and returned by another track, 
thus avoiding the delay of horse transportation, 
and enabling business men to obtain their letters 
an hour earlier than at present. 


lie PANAMA RAILROAD.—This line is in good 
order, and fully equipped. From the opening 
of the Central Pacific and Union Pacific Railroads, 
the receipts declined rapidly, and in the latter part 
of 1870 and the beginning of 1871 they were barely 
sufficient to cover the working expenses, subsidy, 
and interest. The China trade was also diverted 
from the Panama Railroad to the overland route. 
The loss was almost entirely on the California 
route, and the Panama Railroad Company then 
made special efforts, through reduced charges, to 
divert shipments from sailing vessels going round 
Cape Horn. By means of these inducements the 
receipts for the first three months of 1872 were 
increased, 


JERFORMANCE OF ENGINES.—At the recent 
meeting of the Master Mechanics’ Association, 
the report on “ the Comparative Cost of Operating 
Eight and Ten Wheel Locomotives ” was read. On 
sixteen roads heard from, 8 and 10-wheel loco- 
motives cost for repairs, respectively, $4.11 and 
$5.78; fuel, $9.53 and $11.23; stores, 85c. and $1.56; 
and the tons hauled in proportion to weight of 
engines was greatly in favor of the 8-wheel en- 
gine. 

The report on “the comparative performance 
and cost of operation of 10-wheel engine with six 
drivers coupled, and 8-wheel engines with four 
drivers coupled,’ showed that the Mogul engine (8- 
wheel) can be run for 33 per cent. less than the 
others, and they are recommended as best for 
freight work. 





ENGINEERING STRUCTURES, 


JROGRESS OF THE St. Lours BrRipGrE.—Even 
to outside observers who know little about 
what is, or is not, rapidity of execution in such a 
work, the St. Louis bridge appears to be going for- 
ward rapidly. The western abutment is all fin- 
ished but the cornice (which will be left to the 
last). The west pier will be completed in about 
twenty days; the east pier in about forty days, 
and the east abutment in about sixty days. The 
manufacture of the superstructure is going on at 
the Keystone Works, Pittsburg, with great rapid- 
ity, as they are running night and day. The im- 
mense steel and iron bolts and “ skew-backs” are 
all completed. The bolts are all in place in the 
masonry. 

The superstructure will be completed about the 
middle of August. The upper roadway will be 54 
ft. wide, including two sidewalks, each 8 ft. in 
width. This leavesa width of 38 ft., which will 





be divided into four tramways—two for street 
cars and light driving, and two for heavy teams. 
Underneath the above will be a double track rail- 
road. 

Negotiations are now on foot which will lead to 
the completion of the tunnel at the same time with 
the completion of the bridge, all of which, it is 
said, will be done in about a year from this time. 


LBANY BripGeE.—The largest double track iron 
bridge ever built in this country was recently 
completed over the Hudson between East Albany 
and Albany. The work was commenced May 24th, 
1870, and the first stone of the substructure was 
laid on the succeeding June 25th. The main 
bridge is 1,525 ft. long, and consists of seven spans 
over the basin, 13 ft. 3 in. each from centre to 
centre of piers; four fixed spans over the main 
channel, 185 ft. each, and a draw 274 ft. long, with 
two openings of 111 ft. each in the clear. The 
curve of the bridge over the basin is on a radius 
of 710 ft. The main bridge is 30 ft. above low 
water, and 8 ft. above high water mark, and is 
constructed on a vertical curve having arise in the 
middle of 15 in. The whole length, with its ap- 
proaches, and including an embankment crossing 
Van Rensselaer island, is 2,250 ft.—equal to 4,500 
ft. of single track bridge. The abutments and 
piers are build on pile foundations, 160,000 yards 
of stone being used in their construction. The 
superstructure consists of 2,000 tons of iron, most- 
ly wrought, its trusses being 26 ft. apart in the 
clear. he fabric is calculated to stand a load of 
6,000 lbs. per lineal foot, besides its own weight. 
The entire cost was $1,000,000. It is at present 
used for freight trains and foot passengers. 


| er DEEPEST WELL IN THE WORLD.—At 

about twenty miles from Berlin is situated 
the village of Sperenberg, noted for the deepest 
well that has ever been sunk. Owing to the pres- 
ence of gypsum in the locality, which is at a 
moderate distance from the capital, it occurred to 
the Government authorities in charge of the mines 
to attempt to obtain a supply of rock salt. With 
this end in view the sinking of a shaft, or well 16 
ft. in diameter, was commenced some five years 
ago, and ata depth of 280 ft. the salt was reached. 
The boring was continued to a further depth of 
960 ft., the diameter of this bore being reduced to 
about 13 in. The operations were subsequently 
prosecuted by the aid of steam until a depth of 
4,194 ft. was attained. At this point the boring 
was discontinued, the borer or bit being still in the 
salt deposit, which thus exhibits the enormous 
thickness of 3,907 ft. The boring would have 
been continued in order to discover what descrip- 
tion of deposit lay under the salt but for the me- 
chanical difficulties connected with the further 
prosecution of the operations. During the pro- 
gress of this interesting work repeated and careful 
observations were made of the temperature at 
various depths. The results confirm very closely 
those which have been already arrived at under 
similar circumstances. 


fg eat etre CABLES.—The journal “ Les 
Mondes,” which often holds forth upon mar- 
vels, has noticed a new one in a recent number. 
This is a proposed system for submarine tele- 
graphic communication by means of a tube filled 
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with water. The invention is due to M. Ferdi- 
nand Tommasi, and models are exhibited at 69 
Avenue de l’Alma. The tube is of copper +g of an 
inch diameter. The experiment is made with a 
length of 3,230 ft., and the inventor hopes to ob- 
tain, first, a speed of transmission of at least 600 
signals a minute, even through a length of 1,000 
miles ; second, a simultaneous exchange of corre- 
spondence— that is to say, the facility of being 
able, by the same tube, to signal both ways at 
once; third, the facility for printing despatches; 
ani fourth, a very small cost of construction. 

The thread of water is in communication at each 
end with two pistons of the same diameter. One 
of these pistons is slightly pressed, and the motion 
is immediately transferred to the other piston. 
The tube and its pistons are in connection with 
an electro-magnetic apparatus to facilitate the 
transmission and the reception of messages. 


pyew oF THE Hoosac Tonneu.—An official 
J report by the State Auditor to the Legisla- 
ture of Massachusetts states the cost to State since 
it took possession, to be, up to January 1, 1872, 
$7,985,501. This sum includes what has been paid 
on the original contract, $1,477,905. It is esti- 
mated that it will yet cost for a railws ay from the 
west portal to North Adams $164,635; for inter- 
est on loans, premiums, commissions, etc., $12,- 
627,599, a total of $12,792,234, up to March ‘, 
1874. Some deductions are to be made from this 
for sinking fund, rents, etc.; amount not stated, 
but is not very large. This is, probably, the 
most exact estimate yet made of the cost of the 
“ great bore” to the Massachusetts tax-payers. 


| meres TUNNEL.—Not content with dyking, 
bridging, and traversing the Father of Wat- 
ers in every direction, a tunnel is, as our readers 
have already been informed, seriously projected 
under it at ‘Memphis, to cost $5,000,000. Details 
of construction, etc., are not yet fully or accu- 
rately given, so far as we are aware. 





ORDNANCK AND NAVAL. 


{ELD GuNs AND AMMUNITION.—The “ Militair 
Worhenblatt” gives an account of the quantity 

of field ammunition which was spent by the Ger- 
min artillery during the last campaign in France. 
According to it the Prussian artillery, including 
tne Baden and Hesse regiments, comprised 79 
light, 78 heavy, and 38 horse batteries, besides 19 
light, and 10 heavy reserve batteries, which were 
only formed atter the war was declared—together, 
224 field batteries, of 6 guns each, or 1,344 guns. 
The field guns are of two calibres, the light and 
heavy, with a bore of 8 centimetres, the heavy of 
9 centimetres. They fired during the whole 
eampaign 267,975 rounds in all, which is far less 
than is generally believed; the light batteries 
112,770, the heavy 107,126, and the horse batteries 
48,079 rounds, or each gun fired, on an average, 
199 rounds, of which number each light gun fired 
191, each heavy 203, and each horse 210 on an 
average. As the batteries carry in the ammuni- 
tion carriage of each 8-centimetre gun 157, and of 
each 9-centimetre gun 133 rounds, they conse- 
quently fired, the light guns, 123 per cent.; the 





heavy, 153; and the horse, 134 per cent.—that is, 
they had to replenish 23, 53, and 34 per cent. re- 
spectively from the ammunition columns, which 
followed in the wake of the advancing armies. 
The Bavarian artillery consisted of 12 light, 22 
heavy, and 2 12-pounder batteries, or 216 guns, 
which spent 56,211 rounds, or as much as 260 
rounds per gun, while the Saxons had 48 8-centi- 
metre guns, and 48 9-centimetre guns, and fired 
8,007 and 7,514 rounds respectively, or 167 and 157 
per each light or heavy gun, or 162 rounds on an 
average. The figures of Wurtemberg are not yet 
published, but may be estimated at three-fourths 
of those shown by Saxony. Thus the total of 
ammunition spent would be for the whole German 
field artillery about 350,000 rounds, and if, allow- 
ing one-half to light, and half to heavy guns, and 
the weight of light shells to be 9 lbs., that of heavy 
shells, 15.3 lbs., English, the weight of all ammu- 
nition fired is equal to 1,933 tons, or out of the 
number of 1,728 guns, each gun has, on an average, 
spent 1.119 ton of iron shells. 





BOOK NOPICES. 


| RAWING FOR BRICKLAYERS: Containing the 

Constructive Principles of Brickwork, and the 
Method of Drawing each subject, together with 
the Elements of Freehand, Subject and Plan 
Drawing. With two double and thirty-two sin- 
gle pages of illustrations. Adapted for Architec- 
tural Drawing. Copies drawn on wood by the au- 
thor. By Exiis A. Davipson. London: Cassell 
& Co, 1872. For sale by Van Nostrand. 

This is a work which ought to be not only use- 
ful, but widely used. The system in it corre- 
sponds with that pursued by its predecessors, 
“Drawing for Carpenters and Joiners,” and 
“ Drawing for Stonemasons,” and thus the instruc- 
tion is not confined to linear drawing solely, but 
includes also a certain amount of freehand and 
model-drawing, whilst the constructive prin- 
ciples of the various studies are given as fully as 
the size of the book would allow. The author ac- 
knowledges his obligations to Colonel Wray, R. 
E., Government Examiner in Science, for his plac- 
ing “a mass of material at his disposal, and for 
his important and valuable original sugyestions.” 
We are satisfied as to the general completeness and 
accuracy of this book, as of all the author's pro- 
ductions of asimilar sort. 


A™ AND RAIN, THE BEGINNINGS OF A CHEMI- 


CAL CLIMATOLOGY. By RoBERT ANGUS 
Sarru, Ph.D., F.R.S., F.C.S. London: Longmans, 
Green & Co. For sale by Van Nostrand. 

This publication is the fulfilment of a promise 
made to the public eight years since by the au- 
thor. Chemistry up to the present time has not 
taken its full share in the work of sanitary in- 
quiry and improvement; it ought, as Dr. Smith 
remarks, to be able to relieve medical men of much 
of their heavy responsibility. His own book will 
certainly aid to bring about this in no small de- 
gree. Its purport is to show that there are im- 
purities in an atmosphere which may be discov- 
ered by chemical analysis, artd that the senses and 
general impressions are not at fault when they 
testify to the peculiarities of a town atmosphere. 
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Ye LE BoULENGE CHRONOGRAPH. By Brevet | 
Capt. O. E. MicHakr is, First Lieut. Ordnance | 


Corps, U.S. A. New York: D. Van Nostrand. 
Of this new work for the military service the 


object is best explained by the author’s introduc- | 


tion : 
“ Up to the present time, all successful applications 
of micro-chronometry to the science of gunnery 


have been based upon the use of electricity as the | 


determining agent. 


Captain Le Boulenge’s instrument is no excep- | 


tion. The time between two events is ascertained 
by noting the distance of the free fall of a heavy 
body during the interval, the beginning and end 
of this distance being made to accord with the oc- 
currence of the events by means of the galvanie 
current. 

With the exception of the Schultz chronoscope, 
an instrument too delicate in its details for ordi- 
nary use, the most noteworthy ballistic micro-chro- 
noineters of the last fifteen years have used the 
p-ndulum as the immediate measurer and recorder 
of the time—time deduced, of course, from the 
duration of constrained motion ; and the improve- 
ments in these pendulum instruments during the 
p.st decade may be summed up as attempts to 
mitigate the errors due to the circumstances of 
constraint, @. é., to the method of suspension, 

It remained for Captain Le Boulengé, one of the 
mst scientific and ingenious Ordnance officers of 

the Continent, in the service of Belgium, whose 
sons have already done so much for ballistic science, 
to devise an apparatus, simple in its construction, 
accurate in its operation, which eliminates entirely 
every error due to a constrained fall. 

Stated epigrummatically, he reduces the pendulum 
to its bob, and allows it to fall freely. 

THE INSTRUMENT. 

The chronograph of Captain Le Boulengé can be 
used not only as a micro-chronometer, but directly 
as a velocimeter. To obtain velocities at once, two 
electyic circuits are established a fixed distance, 
say 50 metres apart, in such a manner as to be suc- 
cessively broken by the projectile in its flight. 
‘the tirst current circulates through an electro- 
magnet, whose armature is a long cylindrical rod, 
called the chronometer, furnished with two envelop- 
ing zine tubes, called recorders. The second current 
passes by another electro-magnet, whose arinature, 
a shorter rod, is called the registrar. The third 
active element of the instrument is the indenter, 
consisting of a circular knife fixed in a mainspring, 
which can be cocked by means of a catch on a 
lever. 

On the breaking of the first circuit, the chro- 
nometer falls vertically; on the rupture of the 
second, the registrar falls in its turn, depressess 
the free end of the lever, and thus releases the 
mainspring; the knife juts forward, strikes the 
falling chronometer, and indents the upper record- 
er. A very simple relation holds between the dent 
thus obtained and the velocity of the projectile 
which caused it. Even with this brief description, 
a moment’s thought will show that the lower the 
velocity, the higher up shall the recorder be in- 
dented.’ 

A set of tabies are given for use when applying 
the instrument. 

Plates, with full letter-press descriptions, make 
the construction of the minutest details exception- 
ally clear. 


{ 

|] IFE ASSURANCE AND SAVINGS BANKS. By J. 
| Lu Howarp VAN AMRINGE, A.M. New York: 
| D. Van Nostrand. 

This pamphlet affords a thoroughly popular ex- 
position of the principles upon which are founded 
corporations for Life Assurance and Savings 
| Banks. 

Prof. Van Amringe has proven himself, by this 
lecture, a master of the art of elucidation. Nothing 
could be plainer than the demonstration here 
afforded that life assurance is founded upon well- 
understood laws, and nothing, in a mathematical 
way, could be more interesting to the average 
reader. 

It seems proper, if not necessary, to say to our 
readers that they can find nothing in the above 
lecture to suggest in any way the labors and de- 
vices of those agents of slow torture who talk in 
behalf of life insurance companies all over the 
country. 


NE GRAND TRAVERSE REGION. By ALEX. 
WINCHELL, A.M. Ann Arbor: Chase. 
This is a report by the well-known geologist on 
the geological and industrial resources of the lower 
peninsula of Michigan. The Prof. does not con- 
fine himself to an account of rocks and soils, but 
records his observations on botany, zoology, topog- 
raphy, and climate. 
hough the report is of local rather than general 
interest, it adds no little to the sum of our knowl- 
edge of the natural history of our country, with 
the endorsement of a leading authority. 


{AsY RULES FOR THE MEASUREMENT OF 

4 EartHworks. By ELLwoop Morris, C. E. 

Philadelphia : : T. R. Callender & Co. For sale by 
Van Nostrand. 

This is essentially a treatise on the history and 
use of the Prismoidal Formula. It fully discusses 
all the proper modifications of this famous formula 
«which may be safely used in the computation of 
earthwork. 

To the mathematical student the treatise will 
prove interesting, while to the careful engineer 
who is desirous of understanding the limits of 
error in his approximate calculation, the work will 
be found of decided value. 


_ 
JOTTERY; Observations on the Materials and 


Manufacture of Terra-Cotta, Stone-Ware, 
Fire-Brick, Porcelain, Earthen-Ware, Majolica, 
and Encaustic Tiles. By ARTHUR BECKWITH, 
C .E. New York: D. Van Nostrand. 

This is a report upon the observation made at 
the Exhibition of 1871, and affords a concise sum- 
mary of the different products of ceramic art. 

The most valuable part of the report undoubt- 
edly is, that which is devoted to the materials em- 
ployed, and the processes of manufacture. 

No portion of the report is so technical as to be 
without interest even to the unscientific reader, 
while the account of the modern reproduction of 
the ancient and highly prized wares is of great in- 
terest to all classes. 

A table of the constituents of celebrated fire 
clays will be found valuable to all who are interest- 
ed either in natural or artificial refractory com- 
pounds designed to resist heat. 
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MISCELLANEOUS. 


YLASSIFICATION FOR THE INTERNATIONAL Ex- 
HLBITION OF 1876.—The United States Cen- 
tennial Commission, at its last meeting, adopted, 
as the basis of the system of classification, ten 
comprehensive divisions, named Departments, as 
follows : 

Department 1. Raw Materials, Products of the 
Soil, of the Mine, and of the Sea, and their Imme- 
diate Derivatives. 

Department 2. Matewials, the Result of Manu- 
facturing Processes, Chemical Compounds, Manu- 
factures, and Products. 

Department 3. Textile and Felted Fabrics, in- 
cluding Ready-made Clothing and Costumes, etc. 

Deportment 4. Furniture and Manufactures of 
General Use. 

Department 5. Tools, Implements, Machines, 
and Processes. 

Department 6. Apparatus and Methods of Trans- 
portation. ; 

Department 7. Apparatus and Methods for the 
Increase and Diffusion of Knowledge. 

Department 8. Civil, Mining and Military En- 
gineering, Public Works and Architecture. 

Department 9. Fine Arts. 

Departinent 10. Objects illustrating the Methods 
and Results of Efforts for the Improvement of the 
Physical, Intellectual, and Moral Condition of 
Man. 

Each of these Departments will be subdivided 
into ten groups, and each group into ten classes, 
thus giving 100 groups and 1,000 classes, 

The Departments will be numbered from I. to X., 
and the Groups from | to 100, while the Classes 
will be numbered from 1 to 1,000. Thus the num- 
ber of any Class will at once indicate the Groups 
and the Department to which it belongs. 

The arrangement of the various objects in the 
building will not only be in accordance with this 
systematic classification, but will be also geopraph- 
ical, the two elements being combined, as in the 
Exposition of 1867, by means of parallel galleries 
or halls, crossed at right angles by passage ways. 
The products of any country can thus be kept 
together, while at the same time they are dis- 
tributed in the appropriate Groups 

In the formation of the system, the governing 
idea has been to group together objects in the fol- 
lowing order: 

1. The natural products useful to man, or the 
basis of manufacture. 

2. The manufactures and results of the combina- 
tions of these products. 

8. The means and appliances by which such re- 
sults have been accomplished. 

4. The resultant effects of such productive activ- 
ity. 
This is a comprehensive general expression of the 
classification. The raw materials are placed first, 
and then in succession the results of their use 
by man, leaving until the last the higher achieve- 
ments of intellect and imagination. 

It is a natural and simple classification, and is 
calculated to show effectively the development of 
man, the progress of the arts and of civilization. 


FAD IN THE UNITED Srates.—Since the 
breaking out of the Californian gold fever, 





twenty-three years ago, the western lead mines, 
which had up to that period supplied all the wants 
of the United States, have attracted very little 
notice, and the production of the States of Wisconsin, 
Iowa, and Illinois, has rapidly fallen off, as may 
be seen by the following figures, which give the 
quantity of lead shipped from the Upper Missis- 
sippi mines, viz :— 


From 1822 to 1831 
“© =©1832 * 1841 
1812 “ 1857 

1852 ** 1861 

1862 ‘* 1871 


It will be observed that from 1852 to 1861, there 
was a decrease of 25,4; per cent., and from 1862 to 
1871 there was a further decrease of 47. per cent. 
It is not to be supposed that the mines are ex- 
hausted ; on the contrary, it is known that many 
thousands tons of ore exist in mines that have not 
yet been touched, and which are held by the own- 
ers for prices that are not at present attainable, 
otherwise the production of lead might have been 
greatly increased, and a large amount of money 
saved that has been paid meanwhile for foreign 
lead (nearly $400,000,000 were paid during the last 
year), besides furnishing labor to thousands of 
hands. The imports of foreign lead into New 
York alone have been as follows :— 


Pigs. Tons. 
. 664,118 or 28,244 
. 1,591,958 ** 35,718 
eee- 6,170,857 ** 215,979 
e+ 4,609,553 ** 161,334 
we. 2,419,985 “ 84,700 


Pigs. 
272,657 
400,020 
301,536 
254,578 
362,031 


1854 
1856 


496,157 
516,912 


A pig of foreign lead is fully equal to two of 
American. 


ORTH AMERICAN TIMBERBD LAND.—British 
Columbia is said to contain about 100,000 
square miles of timbered land; Alaska, 150,000 
square miles; Washington Territory and Oregon, 
65,000 square miles; and California, 40,000 square 
miles. In Washington Territory, as in British 
Columbia, Douglas fir, which is very valuable for 
shipbuilding, predominates. The constant using 
up of available trees for commercial purposes, the 
devastating effects of forest fires, and the reckless 
waste of individuals are making serious inroads 
upon the forests of British Columbia. 


bye IN SWEDEN.—M. Braconnier de Macar, 
president of the Liége Coal Mines and Metal- 
lurgical Association, accompanied by M. Maré- 
chal, honorary engineer of the association, has 


visited Sweden in order to ascertain the richness 
of the coal bearings of the Skanian fields, of which 
very favorable reports have been made. The bear- 
ings are considerable, and M. Braconnier has ac- 
quired several concessions, and proposes to com- 
mence the extraction of coal as soon as possible. 
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